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structure of binding site is required. S 
identification of the exact structural .... "" ..... uo.> of estrogen analogues having a 
receptor and those which mtl!uelnce -rp.l'.,,..nT.rw activation. 






would be possible.s However, recently, full characterisation of the receptor 
protein X-ray crystallography NMR techniques had not been achieved, to 
... u.J" ............ ," associated with isolation and purification of this labile 2 As a consequence, 
two convergent structure prediction methods have adopted to gain insight 
the nature of the steroid binding S The one approach involves the amino acid 
sequence to predict secondary structure and identifY possible binding sites molecular 
modeling techniques. other approach involves a Image the 
nOIt1mJneHJlmamg site by analyzing binding activity data a large number hormone 
analogues. This latter approach has led to identification of important structure-activity 
J."'J.'LJ.U'JU"'J.ll~;"" and, together with the molecular modeling, has furthered our understanding of 
the of homone 11"1T"1"<>r'T1 
pplroacnc~s can provide a sufficiently stable 
nu;'pvl'r further IS ne(;essary before 
for rational drug design. S 
A for receptor complex recently been reported 
on the accumulated knowledge binding steroidal and non-steroidal estradiol analogues 
and labeling studies.6 What is understood from the correlation of receptor binding 
r'1"UC'T<:I' structures is that the binding is primarily the of a tight 
association between the and the phenolic rmg, the interaction the D 
17!)-hydroxy is the biological response. Just to reported 
model the crystal structure ligand binding domain of the estrogen receptor complexed 
with was published.7 It demonstrated that phenolic group of the r>c-LLU,," 
and 17!)-hydroxyl are involved in hydrogen while ren:lamlaer of 
molecule participates in a number hydrophobic contacts. This served to confirm the 
, necessity for terminal hydrophilic functions for binding and activity. The estrogen receptor 
has found to a array structural types which do not 
contain the steroid nucleus, the most noteworthy of being diethylstilbestrol which 
emerged as a potent, orally I It has been suggested that it's high 
estrogenicity arises the conformational similarity to estradiol and two 











this, and many other nonsteroidal analogues, that steroid ...... '''''''4'-' is not 
for estrogenic 4 which compete for bind to the 
receptor have the essential phenolic ring for receptor binding, but either lack 
essential D elements associated with initiating activity or possess additional elements 
which prevent this initiation. The estrogen antagonist displayed by 3, a 
nonsteroidal antiestrogen based on triphenylethylene structure has exploited 







One of synthetic modifications of estradiol involved the introduction of a 17a-
ethynyl moiety, which resulted in stabilisation of D to metabolic degradation such that it 
displayed an oral activity 20 times than estradioL I This compound 4 forms 
estrOi2~enllC ingredient widely oral contraceptives and replacement 
Extensive on studying further variations in receptor binding and activity in 
rpe .... "'.nep to substitution at various positions on the steroid nucleus identified C-7a and 11 (3 
substitution as having the most significant influence on activity.6 region in the petr"'!"p" 
rec:ep1tor corresponding to these is highly tolerant of large substitituents, as exemplified 
by 11 (3-dialkylundecylamide 5 and 7a-undecanamide 6 (lCI 164384). Both display 
with negligible amenable to use In 
treatment of breast cancer. I It is postulated that in chain the of 
protrudes the binding pocket into the surrounding medium.6 In so doing, it 











.. ""'"."' ..... ,"' .. activity fonns the 
of 
activation of 
antagonist function of these, other, analogues. A further interesting feature both 
the 70..- and II f3- substituted _ ... _.~,..,_~.~ is orthogonal relation of the substituents with 
res:oelct to the relatively planar skeleton. the high receptor affinity 
antagonistic function requires the axial orientation of these substituents. I 
OH OH 
HO 
4 R == H 6 
5 R (CH)lOCON(CH3)CH(CH3h 
1.3 
finding that estradiol analoguess with a two-carbon bridge between the 1 andl 
positions efficiently to the estrogen receptor and display oral estrogenicity comparable to 
17o..-ethynylestradiol.8 prompted investigations into structure-activity relationships ring 
alkyl bridged compounds. The synthetic approach adopted towards D functionalised 
derivatives was on the cycloaddition of an ethylene equivalent to the 14,16-steroid 
diene originally by Solo et 9 in "'''rnn'~''' 




16-pentaen-l acetate 7 
phenyl vinyl lDl1l0ne. followed by reductive desulfonylation gave to 17o..-ethano 



















particular synthetic utility of the foregoing methodology is due to high stereo- and 
of cycloaddition process. It is well established that cycloaddition to 
ster01ioal 14,16 occurs UU~.lV"" "''''''",H.<,;U 
.... 1"''''"1' ... TC' from predominantly endo approach 
at the less hindered 
9 
and gives rise to 
D-Iace and endo 
has been exploited by Winterfeldt et the synthesis 
.. n",'vn.,,,,. using 14,16 steroidal dienes as chiral ~"'U~""la. • ..,;:). The general aOl0roiacltl. exemplified in 
:Sctlerrle 1.2, involved cycloaddition of a nonsymmetrical dienophile to the steroidal diene, 
by a regioselective to yield 
retro process. 
enantiomeric mIxtures of dienophiles. 

















Bull and coworkers' ',12 involved the synthesis and biological a 
number bridged and bridge-fWlctionalised estrogen Synthetic 
candidates incorporating an initial cyc1oaddition were developed to particular 
of ring onemcanon on eSl:ro!l[enIC By the 
steroidal 
for .v~ .... ,., the 
appropriate choice 
manipulated using 
methodologies to give 
and dienophile, the 
followed by homologation 
cyc10adducts were 
intramolecular condensation 
analogues. IS ex€~mt)1111ed reaction 
~ .. ~.~ .... _.~,13a which involved for 
cyc1oaddition of 
16a-tosy loxymethyl 
to the dienyl acetate 7 to give the carbaldehyde 14. The derived 
14~-allyl 16 by 
Wharton fragmentation. Hydrogenation functionalisation of 16 the 
14~-acetonyl-l mC.le(~Ul':U aldol condensation to 
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16 17 18 
1.3 
Amongst others, 14a,17a-propanoI3b and 14~,16~-propanoI2 analogues of estradiol were 
........ ,.."' .. ' ... using elaborations of this approach and their biological activities 
Results of competitive binding studies of the D propano-bridged analogues have 
shown that while the 14a, 17a bridged analogue displays highly competitive binding, 
poor binding for estradiol receptor. that ring 
binding ""'V., ....... " .. of the "'(!T1'nO~'n rc::cetJtor able to aCC:OII1lIIl()Uale steric bulk on the a-face, 
is sensitive to skeletal '"'" ..... ,,1"."" on stel'OlO 13,14 
A key in the 14~, 17~-propano analogue involved the 
fragmentation the 16a-tosyloxymethyl mH~rrnleOllate which provides access to 14~-
functionalised derivatives. heterolytic fragmentation 1,3-diol monosulfonate esters is 
known as the Wharton fragmentation, IS and is a chemical consequence of through-bond 
orbital In this fragmentation, the compounds undergo olefin-forming 
fragmentation with the release an electrofugal carbonyl fragment and loss the 
nucleofugal sulfonate, as shown in Scheme 1 The is a concerted one 











bonds undergoing cleavage. In this instance the base does not play its usual role in elimination 
reactions. Instead it serves to remove a proton from the hydroxyl group forming the alkoxide, 
which then induces ionization of the sulfonate ester bond by through-bond orbital interaction 
(TBI), enabling it to leave more readily. 
base 
Scheme 1.4 
A variation of cycloaddition-fragmentation sequence was used in the synthesis of 14~-ethyl 
17-ketone estrogen analogue 24. 16 In this sequence the fragmentation step involved the 
retrograde cleavage of the phenyl vinyl sulfone cycloadduct 8, which gave rise to the 14~­
ethyl derivative 20 after reductive desulfonylation (Scheme 1.5). Further manipulation of 20 






















is much scope for exploiting this cycloaddition-fragmentation methodology further to 
form derivatives novel structural motifs at 14p-position. It is apparent from 
. examination of molecular models that substituents at this position extend nearly perpendicular 
to the of the C,D environment, of the and 11 P-substituents of 
numerous antagonists. this orthogonality is suspected to form a structural basis 
antagonistic "'LM",,",', it was thought to 14p-aryl with 
the aim testing the of a substituent on binding. This 
contribution to the overall structure-activity programme will serve to further 
understanding of the molecular basis of hormone action and boundary conditions for 
receptor access. 
The work carried out this project at cycloaddition-fragmentation 
methodology to cycloadducts formed from ",,. ............. t .. , aim is to 
obtain intermediates in which functional group modification, preceding or following 










The dihydrocycloadduct 22 
involving the cycloaddition 
hydrogenation. 12 addition, 
10 
DISCUSSION 
shown to be available via a two-step sequence 
dienyl acetate 7 and benzoquinone, followed 
e"""u.,., that this intermediate to 
undergo a retroaldol cleavage to the 14f3-substituted intermediate 23 
2.1). In this investigation we shall study the chemoselective reactivity of this 
dihydrocycloadduct with intention of a suitable Wharton 
subsequent fragmentation process can, this way, place a more 
controlled manner and provide access to 14f3-aryl substituted analogues. 
OAe OAe 
~ 





The initial investigation was be directed towards chemoselectively manipulating the 
dihydrocycloadduct with of securing an intermediate of the type having the 1,3 
diol monosulfonate ester appropriate for This should 
give to the 14f3-cyclohexenoid intermediate B, which the could 


























050 R" . 2 
-------.. 
B 
Depending on the chemoselective reactivity displayed by 22, two possible routes towards A 
can be envisaged. These two pathways are represented in Scheme 2.3. Should the 3'-oxo 
group be selectively functionalised, for instance protected as a ketal, pathway a would be 
followed (Scheme 2.3). Reductive deoxygenation at C-6' gives the intermediate E, which 
upon sequential deprotection, reduction and sulfonylation, gives the desired target A (R = H2). 
Pathway b on the other hand relies upon the 6'-oxo group being chemoselectively protected 
and provides a more direct route to the desired target. Reduction of F, followed by 
sulfonylation gives the target A (R = protected 0). Once an intermediate of the type A is 
obtained, the feasibility of the fragmentation to give the 14p-cyclohexenoid substituted 
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2.1 Synthesis of the benzoquinone dihydrocycloadduct 22 
cycloaddition the dienyl acetate 7 with p-benzoquinone was carried in toluene at 
m presence boron trifluoride diethyl complex as 12 to a two 
component mixture products (TLC). Chromatography of the reaction mixture p-
exo- and p-endo-cycloadducts 24 and in 6 and % respectively (Scheme 
structural assignments were on the well-precedented selectivity cycloadditions 
of analogous 14, 16-dienes9,10 and favoured endo-approach of dienophile according to 






7 24 25 
2.4 Conditions: (i) p-benzoquinone, BF3-0Et2, toluene, 
The maJor cycloadduct was reported l2 to readily undergo an intramolecular [2+2] 
cycloaddition in presence light, giving the photocyclised dione 26 (Scheme In 
to avoid interference reaction, to ensure exclusion light during 

















Scheme Reaction Conditions: (i) hv, CH2Cb 
In order to a stable the eycloadduct was 
presence palladium on carbon as reported. 12 3 h the reaction was complete (TLC) and 
the tetrahydroproduct was isolated in % yield (Scheme 2.6). 
OAe OAe 
Scheme 2.6 Reaction Conditions: H2, Pd on 
In contrast to previous reports, 12 conditions resulted in reduction the double bond of 
etheno bridge, as well as of cyclohexenedione moiety. 
spectroscopic and analytical data were t'n.",,,,,'!" ... ,t with assigned structure. 
olefinic proton resonances the 6.5-7.5 region of the NMR spectrum 
that had been distinguishing feature the I H 
NMR spectrum was the mUltiplicity observed for 15~-H and 1 signals. were 
observed as doublets of doublets at 0 3.07 (J 1 and 2.4 Hz) and 12 (J 1 and 
splitting pattern was consistent with a large vicinal exo-exo coupling l8 
(12.6 and a smaller long-range W -coupling to an ethano bridge proton Figure 1). 














The I3C NMR " ... ""t''N''l 
the 17p-aceto.xy 
displayed singlet reso.nances 8 170.4, 208.1 and 210.6 assigned to. 
C-6' and C-3' respectively. fo.r the bridge carbo.ns C-15 
and 16 55.3, while the 7 reso.nance was o.bserved at 891.4. 
In ."''''"' .. .",..... in the vOl'o.l!lenaltlOn. an metho.d spe:cmlC 
to. em~UHJIle "V"YP'lTl" was so.ught. Selective hydro.genatio.n a,p-unsaturated 
successfully ,.."' .... """"1"1 o.ut with po.wdered 
demo.nstrated to. promo.te this reductio.n.19 
acid, and ultraso.und 
ad,ran1:ag(~s o.f this mild procedure 
wo.rked up, the use o.f inexpensive 
"'U'''''''.'JU'''' systems. Iso.lated do.uble bo.nds 
are the ease with which the reactio.n is perfo.rmed 
reagents high selectivity fo.r do.uble bo.nds 
remain ",1"1",31'1"":'/'1 by this reductio.n pro.cedure. 
In handling o.f the cyclo.additio.n 
the majo.r adduct, 
and subjected to. .. u ... " .. ,,,,;,,J ..... J, .... 
reactio.n was co.mplete after 3 h (TLC) and 
were ... ,,'"', ......... , ... 5 and 65 % respectively 
and diminish the chance 
mixture was Iffiltn~dla1tel~ 
the presence o.f zinc po.wder. 
dihydro.cyclo.adducts 



















Scheme Reaction (i) O°C; (ii) 
Zn, ultrasound 
The endo-dihydrocycloadduct 22 displayed absorption III carbonyl .. ",n,nn of 
infrared spectrum at 1705 and 1 
nCPT"/PF1 at 1703 and 1742 cm- I 
cm') while for the exo-dihydrocycloadduct 28 were 
expected molecular ion f was for 
both 28 and 
Selected 28 and are in Table 1. Both compounds displayed 
the characteristic elIllelliO-D~nu --l">----- between 0 1 and 6,6, but lacked the enedione proton 
~.,.., .. _._ of four-proton multiplet anr)eared between 0 and 2.7 both 
28 and was _~_,.,.,_._ to the 4'- methylene protons. 
assignment of 15P-H 16P-H signals was based on the ..... A~J .... v ..... u deshielding 
of the 17p-acetoxy 
Bond Correlation (HMBC) """",(''I'n 
on the 1 of the 
of major cycloadduct 22 
Multiple 
The HMBC experiment is a two-dimensional correlation method which ........ un .... two 
and correlation the C-17 
was observed to at 0 3.75 assigned to 1 
coupling. No correlation was observed from the 17 
3.3 2, "''''''''''5'''J'''' as this corresponds to a ........... · .. A 
signals would 
corresponding to a 
to the more upfield 
coupling. 
IH NMR data alone not allow the unambiguous the 
at 0 
opposite 






















3 (d .J 10.1) 
4.50 (d .J 10.1) 
6.34 (d .J 6.0) t .J t 
18 (d .J 6.0) t (d .J t 
2.2 Chemoselective ketalisation of the endo-dihydrocycloadduct 22 
In with proposed reaction we sought to carry out a 
ketalisation dihydrocycloadduct attempt involved treatment 22 with 
ethylene p-toluenesulfonic at constant removal 
of water. however gave rise to an mixture of products. alternative 
approach SIeves as proved successful, giving to a single 
product 29 % yield (Scheme 2.8). 
OA  OAe 
29 
Scheme 2.8 Conditions: (i) ethylene glycol, TsOH, 4A molecular 
The spectroscopic analytical data were ~ ...... ~ .. ,.~ ... monoketalisation. It was OJ"'''''''''''' 
to fully assign NMR spectra mOnOJKetal 29 with the 











experiment is a U"""-UiU 
carbon connectivities to 
I3C correlation method allows for direct proton-
20 
A distinguishing NMR spectrum was the four-proton multiplet centered at i5 
3.96 assigned to the ketal The bridge proton at i5 3.08 (d) 
and 3 .34 (d). Comparison 
3.75 for 15f3- and 16f3-H 
unchanged (15 f3-H), the other 
shift expected of the 
was tentatively ~uU"b"-~ 
bond coupling, 
':>',!'i,n«.'.:> with those in the dihydrocycloadduct 
indicates that while one 
moved significantly upfield. This is 
TA .. ~n""r1 ketal. On 
the appearance of a 
up field signal at i5 3.08, 
as that due to 15f3-H. In light 
assignments were reversed. It is somewhat surprising that both 
upfield shift as a result monoketalisation. 
The spectroscopic evidence that chemoselective ketalisation 









at i5 1 
and the 16f3-H signal, corresponding to a two bond coupling. No correlation was observed to 
the 15 f3-H signaL 
The coupling data 
signals appeared as 
E are displayed in Figure 5'-H 
The 
1.3 
the upfield region of the 
geminal protons at i5 2.25 (ddd, J 9.7 and 6.6 Hz) and 2.41 (dddd, J 1 
displayed a correlation the spectrum to a methylene carbon at i5 In 
addition the latter carbon signal displayed a crosspeak in the HMBC spectrum to the 1 
signal, which identifies it as C-4' and 
signals at i5 1.89 (dddd, J 13.9, 9.6, 6.6 
and the C-5' was located to a 
existence of long range 
to a bridge proton allowed 
its implies ring E "'''''ITU,", 
are the so-called 
-geioml~try (see Figure 2.2). 
patterns of the bridge protons. 
proton signals as 4'-H's. 
and 10 (obsc ddd) were ~"''''''t"> .. " ... 
at i5 30.8 by a correlation in 
u" •. v .... ,,, .. one each of 
the a- and the f3-protons. 
which the carbonyl and ketal groups 
is the only conformation which 















Selected J (Hz) for 3'-monoketaI29 (RR'=O(CH2)20) 
NMR spectrum doublet resonances at 0 51.2 and 56.2 which were assigned 
to 6 and C-15 .. """, ... ""r·h"",,1 of a HMQC to the 1613-
1513-H signal The significant of the C-16 resonance (~5ppm) 
to the dihydrocycloadduct 22 is consistent with the loss of a group. The 
two resonances at 0 64.0 and 65.4 were ......,"' .. 1"> •• "' ..... to the ketal methylene carbons, while 
carbonyl and n<:!p1~lpn at 0 169.8 and 211.8 
It appear that approach a nucleophile to of the 
cyclohexanedione is not sterically at either the 3'- or 6'-oxo group. 
'k"",r""-!',,, .. ,,. it is not possible to rationalise the chemoselectivityon grounds, It is 
that the hemiacetal formed in the of cyclic acetal formation is more 
at the 3' position than at the 6' position, possibly by interaction with 1713-acetoxy 
somewhat <U'''J'''''''~ hemiacetal 
nucleophilic addition to occur more readily, to the cyclic 
3'-position. This of chemoselectivity is gratifying and holds 
subsequent manipulations of the chemodifferentiated product. However, 














this line was n""",t ... ", in favour of a more route based on the outcome of the 
previously 
dihydroadduct 12 
Lithium tri-sec-butylborohydride (L-Selectride®) 
2.3 Chemoselective reduction of the endo-dihydrocycloadduct 22 
of the 




when treated with L-Selectride® at _78°c. 12 Based on this 















Sulfonylation of the reduced compound would rIse to a 1 diol 
.... n'"'Hu" ... ester H, which fragmentation produces, 
u""", .. " .. ' ..... 1. Aromatisation would 14p-cyclohexenoid 
double bond 














this objective, we set out to first confirm previously reported 
L-Selectride '''''''''''''''''JU 
at -78°C for 5 h 
The dihydrocycloadduct was treated with 
following an 
was immediately acetylated using conditions. The 
3'a, 17~-diacetate 31 were isolated 15 71 % yields rp<11r1Pl'lrn 
17~-triacetate 30 
(Scheme 2.10). 







22 30 31 
Scheme 2.10 conditions: (ii) AczO, py, DMAP 
The and spectral data the assigned structures the 30 and 
diacetate 2.3 presents IH NMR data diacetate 31. The 
of the proton signals was once agam on deshielding 
of the group on 16~-H. Thus the more signal at 8 (d) was 
to 1 was a to 1 at 
83 (dd) was assigned to 16~-H and displayed a large coupling (11.3 as 
a smaller vicinal coupling (4.5 
3'~-H at 8 5.30 (td) which was 
H's. 
to The latter was matched in 












IH Jvalues for the diacetate 31 
configuration 
attack hydride 
C-3' was well precedented exclusive eX()-Il'l.Ce 
to analogous systems. 22,23 This is the 
or".,U".r shielding of the by the etheno-bridge. 
l3C NMR diacetate 31 a doublet resonance at 8 67.1 
corresponding to C-3', the singlet carbonyl resonance at 8 209.4 was assigned to 
The C-4' signals were observed at 8 26.0 and having 
shifted -12ppm upfield from corresponding signal in the dihydrocycloadduct 22. This is 
in accordance with "''''IIJ''''''''''''.lVl of the oxo to the 
corresponding acetyl. signals at 8 50.1 and 1 were to C-16 15 
respectively on .., ..... v •• .., in the HSQC spectrum. 
The I H NMR spectrum the triacetate 30 displayed of at 8 2.55 (J 10.6 and 
Their splitting 6.4) and 2.90 (J 10.6 and 6.4 assigned to 15 P-H and 16P-H reST)ectlvel 
pattern is consistent with a vicinal 15P-l coupling, and a smaller vicinal coupling to 
the carbinol proton. A multiplet at 8 5.35 was to the and 6'-
protons. In an attempt to achieve 
deuteriobenzene. This resulted separation of the signal 
was recorded in 











(dt, J 6.7 and 2 x 3.4 Hz) and 5.39 (q, J 3 x 6.5 Hz). The stereochemistry was assigned as 3'P-
and 6'P-H, based on the expected exclusive delivery of hydride to the p-face. 
The l3C NMR spectra displayed doublets at 8 67.3 and 68.8 assigned to C-3' and C-6'. The 
resonances for C-4' and C-5' were observed at 8 23.1 and 24.8, both shifted significantly 
upfield from the corresponding signals in the dihydrocycloadduct 22. The signals for C-15 
and C-16 similarly experienced an upfield shift of approximately 10 ppm to 8 46.7 and 45.0 
respectively. 
The diagnostic NMR data for the dihydrocycloadduct 22, the diacetate 31 and the triacetate 30 
are compared in Tables 2.2 and 2.3. 
Table 2.2 Selected IH NMR data* for 22,30, and 31 
Proton 22 31 30 
OAc OAc OAc 
~:f:b0 ~~o~ ~J:b0~ J f . f . \ \ H \ H 
H . 
0 0 AcO 
15P-H 3.32 (d, J9.6) 2.99 (d, J 11.3) 2.55 (dd, J 10.6 & 6.4) 
16P-H 3.75 (d, J9.6) 3.29 (dd, J 11.3 & 4.5) 2.90 (dd, J 10.6 & 6.4) 
3'P-H 5.30 (td, J2 x 4.5 & 1.7) 
5.35 (m) 
6'P-H 
li-H & 172-H 6.25 & 6.59 (d, J 6.2) 6.20 (s, 2H) 6.01 & 6.33 (d, J 6.2) 











Table 2.3 NMR data'" of22, 30 
22 31 30 
Carbon OAe OAe OAe 
~o ~~r ~:±b~' j' j' , j' , \ \ H \ H H , 
0 0 AeO 
C-4' 38.11 26.0 
C-5' 39.61 34.9 24.8t 
C-15 56.22 55.1 46.7 
C-16 56.52 50.1 45.0 
C-17 1 131.6t 130.7t l30.It 
134.9t 131.6t l30At 
67.1 67.3t 
68.8t 
.. (in ppm) 
In to the hydroxy n .. ",,, .. ,,, for subsequent transformations, the triacetate 30 




















Scheme 2.11 Reaction Conditions (i) KOH, 
result 
and tentatively 
clearly demonstrated that the chemoselectivity previously 
by is indeed high and provides an to 
implementation of targeted fragmentation. isolation an over-reduced product under 
the conditions quoted is likely imperfect stoichiometric control, but the 
availability of the triol provided for exploring the possibility of '"'U'.Ul'U ..... ,l ...... U 
differentiation 310.- and hydroxy groups. 
A number of small-scale 
were carried out on the triol 
..... ..,u,,"'_ inter alia 
Monitoring (TLC) 
mesylation and pivaloylation, 
acetylation and mesylation 
indicated formation of complex mixtures no major product, and so were not 
investigated further. Treatment of with pivaloyl chloride in pyridine at room temperature 
proceeded slowly and incompletely, rise to a 1: 1 mixture less polar products 34 and 
accompanied by starting material 12). Both displayed a molecular 
of M+ 480, corresponding to monopivaloylated Analysis of the NMR data of 
the chromatographically-separated products confirmed fact; however the was 

































next ,step towards sulfonylation of the secondary 
hydroxy group of the diol 33. Ihitial "'V~,,,,,,,"rn".nt'" conducted with methanesulfonyl chloride in 
pyridine at low temperature (O°C) appeared to proceed as PV1"1PI"TPrI (TLC), but attempted 
work-up was complicated, by difficulties in removing residual pyridine, resulting in the 
formation of a UH/"""" of decomposition products. However a reaction carried out at -78°C 
triethylamine and dichloromethane as solvent resulted in the formation of 
36 in 63 % yield after 3 h (starting material was also recovered in 24 % yield). 
Although the lability of 36 prevented its full characterisation, a IH NMR spectrum of the 
chromatographically isolate revealed properties consistent with mesylation of the 
hydroxy group. In particular the diagnostic sulfonate methyl signal was observed at 8 3.03 
s). In addition the 3'P-H signal at 8 (td, J 2 x 4.5 and 1.5 Hz) was shifted 1 ppm 
downfield from the corresponding in the diol 33. This downfield shift is in accordance 
with expectations for sulfonylation?~ 
Direct treatment of the crude 3'a-mesylate 36 with acetic anhydride and catalytic 4-
(dimethylamino )pyridine gave 
(Scheme 13). 












.LV".""" methyl signals suggested 
protons. A molecular 
spectrum, cOI:re~;oondlmlZ to deacetylation and 
acid. A complete of NMR data, with 
studies, the structure was the 
OAe 
37 
Scheme Conditions: (i) KOH, Ih 
28 
eliminated, yet there was no 
376 was observed in the mass 






The displayed absorption at V max 3020 cm-! and 1715 em'] 
hydroxy and carbonyl respectively. 
""",,.,'" ...... "v"' .. , ..... coupling data E protons. The signals at D 3.07 (d) 
spectrum were ~~~ ........ _~ and 171 The 
splitting n<>11''''' ........ 
Hz) 
0.80 
the latter signal is 
synclinal coupling to 1 
a vicinal coupling to 1 (l0.7 
highfield protOn resonance at D 
J 10.4, 8.1 and Hz) ".n,(.I. VI..·U a correlation in to an 
obscured multiplet at D 2.10. Both displayed a COITel.:ltlO,n In the HMQC 
to a newly appeared methylene carbon signal at D 9.2. these signals 
were to the geminal 1 and 173P-H respectively. two methine 
at S 19.7 and were assigned to C-l and respectively. A 
1 
in the HMQC "' ..... "'" ....... 
corresponding 
spectrum to the 
resonances in the 13C NMR """"""T'" 
on the basis of 
"'."' ..... ~ to a two proton 
Proi(OOlS. This multiplet 
to confirm 
at D 47.0 and 62.6 were 
the HMQC 














appear(~a in the exoect(~a "' .... h ..... " 
and compared to the acetoxy 
at 0 212.9. The 
37 in Tables 
2.4 
u""'''''''~" .... I H NMR vVUV"L'F; data for 38 
29 
for ring D E are 
Hz) 
Table 2.4 Selected NMR data* for 17p-acetoxy-3'a-mesylate 37 and ring-contracted 38 
Proton Proton 38 
3.35 (dd, J 11.6 & 4.5) 171 (d, J 10.7) 
6.19 (d, J 6.2)t 1 6.03 (d, J 6.0)t 
J 6.2)t 1 6.12 (d, J 6.0)t 
5.27 J 2 x 4.5 & 1.5) & 174-H 1.84-1.94 (m) 
1 0.80 (ddd, J 1004,8.1 
1 (m) 
2.10 (m) 1 



































In of the of this reaction product, an X-ray crystallographic analysis was 
conducted on the structure. compound crystallised in the P 21 
group, with two molecules differed only slightly 
with reSt)ect to their torsional X-ray crystal structure is 
Examination of the bond torsional angles bond lengths revealed no unexpected 
structural or conformational properties. The small torsional angles (in the range - 9°) for 
addition the bond angles 1UU.1"''''.'''''''' in Table E indicated this IS 
are reconcilable a cyclopropane 
was confirmed to be 1 
and negative torsion angle C 1 
Table 2.6 '-'''''' ... ''''','''' bond angles (0) 38 
C173 _C174 172 
C172-C173 -C174 
The stereochemistry the cyclopropane 
torsion 173 (112.0°) 











31 I :-:...J 
"~~ 
Figure 2.5 :...J 











It is evident that formation of the ring contracted product proceeds via a stereospecific 
transannular mediated by the enolate of group (Scheme 2.15). It is 
interesting to note this reaction pathway competes successfully with the alternative 
Wharton the presumed which one might expect 






The principle of enolate-mediated displacements, ............... ,'F. to 
products is well known and is exemplified in ,-,...,11...,11''''' 2.16. Heathcock et al. 26 'l"P1"I'\'I"tPI1 
catalysed cyclisation of oxo tosylates as a reaction in the total 
This led to the development a general method for the of 
tricyclo[4.4.0.02,7]decanes. In a preliminary study, synthesis of the desired tricyclic ketone 
40 oxo 39 was by treatment with potassium t-butoxide in t-butyl 
et al. 27 'l"PTII'\T1tl"l1 a similar roo", ..... ," 
was converted to the 
pOltas~aUIn hydroxide yielded 
and coworkers28 
hydroxycyclooctanone derivatives such as 







tosylate 44. In this ... "."""." ..... base treatment 
of the carbonyl group with equal facility. 
cyclisation was found to with a kinetic for cyclopropane 
























are unable, to find for the conversion of a 4-substituted 
or an of to a 
bicyc10[3.1.0]hexanoid product L (Scheme 17). Thus, of 
achieving Wharton fragmentation, this m,,'eSl:Igcluo,n has meeting our aim 


















Although not permit full this reaction that an 
alternative approach to the desired ne(:es~atalte b,loc.lCa,~e or modification of the 6'-
oxo group the 3'a-mesylate would lead to an which the 











2.4 Synthesis of 17f}-acetoxy-3-methoxy-14,17o:-ethenoestra-l,3,5(1 O)-trien-15o:,16o:-
dicarboxyIic acid anhydride 48 
An alternative route towards the ..... ..."" .... , ... 14f}-aryl target was explored, based on 
anhydride cycloadduct. 
cycloadduct in such a way as to 
secure candidates 




attack on the carbonyl 
MeO 
Scheme 2.18 
strategy was to chemoselectively manipulate the 
the oxygen functionality at the 2' position, 
fragmentation. Winterfeldt et al. 29 
adducts from symmetrical dienophiles. 
nucleophilic attack at the carbonyl with 
to 
out 
chemoselectivity. For example, treatment of steroidal 









Accordingly, it was ..... """ ......... ' .... to adopt a strategy based on the maleic 
chemoselectively-modified anhydride could be to A ...... 'AA..,~A ... ' ..... 
derivatives M or N to secure a suitable Wharton (Scheme 2.19). 
Following tra,gm.ent:au<on, to reconstruct the I intermediate 
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cycloaddition 3-methoxyestra-l ,3,5( 1 0), 14, 16-pentaen-l acetate 7 maleic 
anhydride was perfonned dry toluene a sealed tube at 100DC for 16 single, major 





Scheme 2.20 Reagents Conditions: (i) maleic uru··."a. toluene, lOODC 
The assignment was based once upon the wen-documented selectivity in 
cycloadditions to steroidal 14,16-dienes9,10 and expectation of endo-orientation of the 






ester carbonyl group. 
were 
at 1862 
24 and a band at 1 
The NMR revealed two doublets at B 3.47 (J 8.0 Hz) and 3 
and 1 are based on the 
with 
1783 are 
em-I is characteristic 
to 15P-
deshielding 
influence the proximate 17p-acetoxy group is expected to have on the 16p-H., and were 
confinned the appearance a correlation in the HMBC spectrum between C-8 
and signal assigned to 1 corresponds to a three bond coupling, and the 
alternative assignment of bridge fusion protons would exclude this correlation. 
large coupling of 8.0 displayed by the 1 and 16p-protons is compatible with an 
exo-exo 17 the HMQC spectrum ",-' .... 'lL .... U the 15 C-16 signals at B 
50.5 51.4 13C NMR displayed the expected carbonyl 











2.5 Hydride reduction of the maleic anhydride cycloadduct 48 
Having acquired the maleic anhydride cycloadduct in good yield, a preliminary investigation 
into the chemoselective reactivity of this substrate to hydride reduction was undertaken. There 
are many reports in the literature of reduction of cyclic anhydrides to lactones by metal 
hydrides.3o Unsymmetrically substituted anhydrides can potentially yield two lactones, the 
distribution of which is determined by a number of factors such as the steric environment and 
electronic character of the two carbonyl groups as well as the hydride employed and reaction 
conditions.31 
Treatment of the cycloadduct 48 with sodium borohydride in tetrahydrofuran at room 
temperature for I h gave a separable mixture of isomeric lactones 49 and 50 in 55 and 25 % 
yield respectively (Scheme 2.21). 






44 49 50 
Scheme 2.21 Reagents and conditions: (i) NaBlLt, THF, 24°C 
The infrared spectra of the products 49 (vmax 1884 and 1741 em-I) and 50 (vmax 1884 and 1762 
em-I) supported the loss of a carbonyl functional group and hence confirmed reduction to y-
lactones had taken place. This was further confirmed in the 13C-NMR spectrum of both 
products, by the loss of a carbonyl resonance and the appearance of a diagnostic triplet 
resonance at 8 69.0 associated with the methylene carbon of the lactone rings. 
Differentiation of the isomers followed from close analysis of the IH and BC NMR spectra, 
with the aid of COSY, HSQC and HMBC spectra. 
In the I3C NMR spectrum of 50, the singlets at 8 58.7 and 65.6 are characteristic ofC-14 and 
C-13.32 The former signal displayed crosspeaks in the HMBC spectrum to the methylene 











observation, the signal at B was to 14, and the lactone 50 assigned as 
from reduction the 5'-oxo group. alternative would exclude this 
correlation as the coupling of C-13 to methylene protons four bonds removed is not expected 
to be detected in this NMR ",vr''''rTTYl 
It was possible to differentiate and 5'P-H by 
nrr,U,."" (refer to Figure behaviour the ring 
analysis the coupling 
proton signals 
crosspeak in the COSY appeared at B 3.87 (dd, J 9.5 3.9 Hz) 4.33 (t, J2 x 
from protons located of signal for 1 displayed a 
large exo-exo coupling to 16P-H (J couplings (J9.5 3.9 Hz) to 5'-
H's. The coupling constant of an anticlinal relationship 
(4) ~ 120°) between 15P-H and 5'a.-H. coupling is reflected the signal at B 3.87. 
vicinal coupling constant of of an eclipsed relationship, IS 
satisfied 15 and coupling was reflected the at B 
signal for 16P-H was located by crosspeak in the spectrum from the 15P-
H to a doublet at B (J9.5 
Figure 2.6 
Selected J values (Hz) for ring D and E protons of 50 
crosspeak in the HSQC spectrum located C-15 at B 42.8 and C-16 at B 51 The 
shift of 
group.24 The 
III 15 signal is to be ext)ectea due to loss of carbonyl 











Wlambiguously assigned 50 as the 1 it was 
assumed that 49 was the 15a-carbolactone. the 1JC-NMR spectrum 49, the 
1 and 64.9 were assigned to C-14 and C-13 respectively. This was on 
a cross peak the between the signal at 0 the 
signal which served to it as C-14. The fact that no were 
"' .... '0"'..,'' .. '' het'wefm this signal, or the 3, and the methylene signals 
h .. -t·h",... <'n .... '1"'inv~" the assignment of A to a 
(J 9.2 Hz) located 1 geminal partner was by a 
crosspeak in the COSY to a triplet of at 0 3.40 (J 2 x 9.2 
Hz). 
1 
reS4)nated as doublet of doublets at 0 (J 10.7 and 9.2 Hz) 
"" ....... _" signal was assigned to on its large vicinal 
..... .la.uv.u.:>lUI-'. The signal at 0 4.52 to 
to 
2'a-H of their eclipsed 
\.110:>'I.I1o.yv\.1 a ,,"U~LA'''''L coupling (4.4 with an anticlinal relationship with 16~-H. 
displays essential ..... V .. lI-'U:UI"..:> E protons. 
9.2 
2.7 
Selected for ring D and E protons 
VO:>O:>llJvWt\.,;) in the HSQC spectrum located C-15 and C-16 at 0 52.8 respectively. The 
upfield shift in the 6 resonance of 5 Hz is expected to the loss of the a-
triplet signal at 0 69.0 was to C-21 and a singlet at 0 176.8 was assigned 





























































cycloadduct 48, and the lactones 49 and 50 
49 50 
OAe OAe 
~ ~o I' J \: H 0 \: H 0 
0 
(5 J (5 J 
9.2 3.03 2x 
3.40 2 x 9.2 and 4.4 3.60 
10.7 and 4.4 3.87 and 3 











Having successfully assigned the lactones 49 and we sought to ascertain whether 
chemoselectivity could be by using a sterically more demanding hydride reagent. 
With intention mind, it was decided to out a reduction with 
cycloadduct 48 with this ."" .... ,"'""' ... at - 78°e 2 h, gave to 49 and 50 
the ratio 1, only a small improvement the chemoselectivity observed 
the sodium borohydride reduction. 
The mechanism hydride reduction cyclic anhydrides is postulated to involve the initial 
activation one carbonyl by complexation with the metal cation (R in Scheme 
2.22).31a Hydride delivery to the activated carbonyl group then foHows, resulting nng 
























The observed trend in metal hydride reductions unsymmetrically substituted cyclic 
anhydrides is often, but not always, preferential reduction at the carbonyl group adjacent to 
the more highly substituted carbon atom.31-34 Thus the reduction 2,2-dimethylsuccinnic 
anhydride with lithium aluminium hydride gave rise to a 19: 1 ratio the 2 



















...,"' ..... u.'" 2.23 
et al. 31a rationalised this terms of the most favourable for non-
perpendicular attack by a nucleophile on the carbonyl At an distance of 
approximately approach to the carbonyl function next to the more highly substituted 
atom is 1"1'1'."' .... 1'1''''''1 less the approach carbonyl adjoining the 
unsubstituted atom (Figure however fails to the cases 
steric are not such as planar both 
carbonyl functions are equally accessible.3lb 
o 
Figure 2.8 
observed was then rationalised by evoking a different electronic character for the 
two carbonyl 31c Since electronic effects induce differences in electron availability on 
two carbonyl groups, and the of the occurs preferentially on the oxygen 
having the most electrons, it is not surprising 















literature, however illustrates that in addition to the intrinsic 
and congestion, 
of hydride reductions 
factors are implicated in 
un"1n'~'" 31 These include the 
possibility of antiperiplanar attack, nature of the cation and possibility of formation. 
The selectivity is net of the factors. 3 1 
It been shown in systems analogous to the maleic anhydride cycloadduct 48, that 
the nucleophile adds only from the "convex" of the molecule, as attack from the concave 
is prevented the 1t electrons the double bond.35 The anhydride ring of 
cycloadduct 48 is planar due to its attachment to a bridged """i-Q, .... and the carbonyl 
groups do not differ significantly from other in steric accessiblity to the ~-face. 
Therefore on the basis of no chemoselectivity expected. The 
observed 
interpreted 
preponderance for lactone 49 over 50 in hydride reduction could 
lHtCeto:ll:v group. It appears from terms of directing .. Ul'""' •.• v ..... of 1 
examination of that the 17p-acetate carbonyl group is able to participate readily with 
2'-oxo and a "''''1'',,'"'''< cation an intramolecular chelated 
formation activates the implicated carbonyl group towards hydride resulting in its 




Quesne et 36 invoked a 'u .. " ..... mechanism involving a 
the 
adduct of erf2;ostero 
of this chelation 
of selectivity observed for metal 
acetate and maleic anhydride 
was confirmed the diminished 
chemoselectivity displayed by the 3p-methoxy analogue in similar anhydride reductions. The 













effect the nature of counterion on this VU'~L"""'" formation was also recogIllS(~a 36 A 
lesser selectivity m sodium aluminium hydride reduction the Inhoffen adduct 54, 
compared with lithium aluminium reduction, was explained terms the lesser 
solvation the sodium m complex. The more (higher solubility) and more 
< .... ",,"un .. (solvent separated) lithium cation can form activated complex more 
assist in hydride transfer more effectively to activated carbonyl group. latter argument 
would explain slight enhancement chemoselectvity observed in the L-Selectride 
reduction the maleic anhydride adduct 48, when compared to the sodium borohydride 
process. 
While reduction reaction indicates access to differentiated derivatives, which could be 
appropriately manipulated to secure a Wharton this route was not 
pursued further. Instead prospect of obtaining the triol U from reduction of 
cyclic anhydride encouraged the expectation that a synthetic route such as that outlined in 
Scheme would provide facile access to a fragmentation precursor, leading to a 











OH ____ _ : lji_ 




The IS upon assumption that fonnation 












hydroxy group can then selectively protected to give W, before deprotection 
the acetonide. Sulfonylation the 161-hydroxy gives the intennediate which IS 
suitably set up for fragmentation. expected fragmentation product can 
such a way as to reconstruct a 14~-attached cyclohexanoid or benzenoid 
the target 
Treatment of the 
tetrahydrofuran under 
anhydride cycloadduct 48 with 
for 5 gave to a single, 
aluminium m 
product. In to avoid an 
aqueous work-up, the reaction was quenched with the minimum amount of water in 
triethylamine, followed by filtration through Celite, to remove aluminum Purification 
the by chromatography rise to the 17~, 15 1 , 161-triol m % yield 
Spectroscopic and microanalytical data were ['nr",,,,,rp 
Due to the relative insolubility of 56 in most solvents, its 
dissolution in deuteriopyridine. 
proposed structure. 














Scheme 2.26 Reaction conditions: (0 LiAIH4, THF, 8 
The essential '-'VI"!J"''',!;; 
and 1613-proton 
10.0 and 3.8 
located the 15 I 
protons were located at 
of the spectrum are 
app,ean~a at 0 2.97 (ddd, J 10.3,9.9 
V':>':>!J""'n.. in the COS Y spectrum 
...... t'",I'",.",· at 3.88 (t) and 4.31 (dd). 
18 (t) 4.56 (dd). 
10.3 




(ddd, J 10.3, 
the IS 13-H signal 
161-methylene 
BC NMR spectrum displayed at 0 61.2 1, 
were to C-lS I and 
to the respective methylene n.,n,Tnn 
assigned to C-16 and 15 ""''''"P(''Tt 
basis of crosspeaks 
doublet resonances at 8 51.2 and 51.3 were 











from corresponding signal In cydoadduct 48. This IS 
with deacetylation 
In order to to make ofNMR of the 56 with 
compounds, the 15 1, 161-diacetate and 1713,15 1, 161-triacetate 58 were 
synthesised their NMR "!1"'P,r'>t"<l recorded deuteriochloroform. (Scheme 




Scheme 2.27 Reaction conditions: (i) py; (ii) 
spectroscopic and data were '""'V •• "'.'" 


















Table 2.9 Selected IH NMR data'" 56, and 
56 (CsDsN) 58 





\ " '-OAc 
2.57 
ddd, J 10.3, and 2.8 td J 2 x 9.0 and 3.0 td J 2 x and 3.4 
1 
J 10.3, 10.0 3.8 obscm dt J 8.5 and 2 x 
t J 2 x 9.9 dd J 12.0 and 9.0 dd J 1 and 8.5 
dd J dd J 12.0 and 3.0 dd J 12.2 and 3.4 
t J 2 x 10.0 dd J 11.3 7.4 dd J 11.5 and 
dd J 10.0 and 3.8 dd J 11.3 5.7 dd J 11.5 and 6.6 
d J 6.1 d J 6.2 d J 
d J 1 d J d J 
4.84, 1 1 
OAc 2.08 2.04,2.05 2.09 
as 
t interchangeable 
As triol was a key intermediate in proposed reaction sequence, a synthetically more 
efficient reduction was sought to afford imprOVed yields. experience with using LAH was 
that work-up complications in unavoidable loss of materiaL Sodium-bis-(2-
methoxyethoxy)aluminiumhydride, or ." .. "".rrl .. L. was therefore considered as an alternative 
hydride as reports indicated this reagent displayed reducing abilities .... VIHU'c.u to 
37 addition it favourable qualities associated with it, such as its increased stability 













h resulted in conversion to the triol 56 in 
product was directly crystallised the 
% yield. 
thus 
which was complicated due to insolubility of the 
in most organic This improvement in yield was encouraging and this the 
of choice. 
2.6 Chemoselective reactions of the 151,161 ,17rl-triol 
to the oroioo:sea scheme, protection of 17rl,16 1 ma 
cyclic was attempted. use cyclic ... ""_ .... ,,'" the "' .... "',£'.T1 protection 
functions m polyhydric alcohols is prevalent,38,39 In particular, cyclic isopropylidene 
or acetonide, is the most commonly used protection diol functions, particularly in 
carbohydrate chemistry.39 preparing polyhydric alcohols where it is 
for 5-, 6- to form, a IS observed. 
et ai. 40 studied factors which 
particular when more than one is possible, and nn~~pnTI"i1 a set 
v." ........ ' .... ,;::.. the product when nr~'T\~r1 acetonides polyhydric alcohols. In OPt1,,,,,,,.,. 




is favoured is aet)enaeI on structure. I .~., .. ""'_" have ",,,,,,.,nrt,,,rI 41 but 
they very low the order of preference. 
1 ,3-disposition 17rl- 161-hydroxyl of the 56 encouraged 
expectation 61-O-isopropylidene should m ...... ""T"" .. ''' ... to a 
"" •. <AU"" .. · .... 1 ,3-dioxepan from 1 ,4-disposed 15 1,1 -hydroxy 
A commonly procedure for preparation isopropylidene derivatives of polyols is 
acid exchange with 2,2-dimethoxypropane.42 An advantage method is the 











Treatment of the triol 56 with ... "' .. '..,,,,, aml1etnOl(V[lrOl0a and catalytic p-toluenesulfonic 
to a single product (TLC), however failed to in dry dichloromethane prClce,eae:a to 
to completion. The use 4A molecular absorb the memanOl "tnl",""".rt 
the reaction resulted in complete 
2.28). 
to a single product 59 in % yield. 
Scheme 2.28 
All spectroscopic 
of the triol 56. 
1j:b°H 






were consistent with a ".u"u·.",v 




infrared spectrum a broad absorption peak at 3449 
The I H NMR spectrum displayed a singlet at 8 1.37, integrating of 
the acetonide 
and 29.3(q) 
assigned to the 





Similarly the DC NMR spectrum at a 20.2(q) 
acetonide methyl groups, and a resonance at a 101.3 
carbon. Preliminary analysis of the spectroscopic did not allow us 
or l,4-acetonide has formed. scrutiny of these 
and configuration. 
carbohydrate isopropylidene (1 .... ,;;;\,(1.,;) 
carbon and the methyl 
and can even render further 
of this study are ", ...... , ......... 10. 
et al. 43-45 
known structure, the 
a correlation with 















(monocyclic or cis-fused to pyranoid or 
cyclohexane ring) 
111.8 -1 
(trans-fused to pyranoid or 
ring) 













and 9.8 -10.9 
0.0 0.9 
0.0-
acetal carbon of 59 appeared at 0 101.3, which into the a 
1 (skew as well as 1,3-
dioxepan ring. alone it is not possible to two. However, 
the skew 1 ring, the are a chemical 
separation of no more than 1 methyl signal 59 is 9.1 
which then the skew six-membered acetal On this basis, structure was 
as the ISI,161-O-isopropylidene 59, despite that the 
separation was than is rs>"nrr,"'11 in Table 2.10. It is recognised that 
results in table for sev'en-'me:moler were based on monocyclic 1 
dioxepans. The constraint in bicyclic systems would be expected to a 
difference in "."" .... "' .... shift of these carbons. 
appearance 7 resonance at 0 90.1, unshifted from its position in the triol 56 (0 
90.2) and 15 I, 1 -diacetate 
intact. The ""'"."' .. ' ....... 
Figure 2.10. 
NMR 
(0 91.1) confirmed the 17j3-hydroxy was still 













Jvalues , 161-0-isopropylidene 17~-hydroxy 59 
The methylene .... rntnn resonances of OlOiXelJan nng were n..,p·",u"·,, as doublet of 
at () 3.S8, 3.71, 3 
coupling and a 
and 4.00. Their splitting patterns were consistent with a large 1">,.,." .. "' ...... 
vicinal coupling U1"1.I1<.1. 
coupling to its 
by each 
bridge proton. 
pairs to the 
rather than 
structure. 
boat, as has 
follows on 
nUjlA'''''''''''''' which compatible with 
indicated in Figure 1 (Further support 
The signal at () 3 
IS I -H's by _ •• ~,.~ .... 
displayed by 
data were interpreted as follows: 




proton indicates that 
is fairly In 
data is 
proposed COI[lIO,rm.atllDI 
4.1 Hz) were assigned to the 
vicinal of 11.4 Hz 
15~-
H and was _~_.,., .. 
signal is 
to IS'-Ha. signal at () 4.00 was assigned to IS' vicinal 
coupling of 4.1 Hz indicative of a synclinal relationship to 15~-H. 
The signals at 8 3 1 (dd, J 13..2 Hz) and 3.92 (dd, J 13.2 and 3.7 were assigned 
to the 1 vicinal "'v .......... , .. "" of the former 
relationship to 16~-H, and was u...." .. /511'"'U to 16' 
coupling '"'v ........ ,,"" ... with a u"",,,,nal relationship to 1 
in the COS Y from the 
is consistent with an eclipsed 
signal a vicinal 
was 
protons to a UnlreSc:ll multiplet 
"",,.,1-,,, ... ..-1 at 8 2.80 located the "./5 •• "" ..... for 15~- 16~-H. Full assignment of these signals 










The signals due to lSi C-16 1 were crosspeaks in the HSQC 
64.2 and 61.8 This downfield for these signals is 
linkages. 
The first order of the highfield resonances it possible to 
the ring Band C with the additional COSY and HSQC 
The essential IH NMR are in Table 2.11 
Table 2.11 for the lS1-16 1 59 
J/Hz 
1,4.1 and2.S 
1.36 IH m W 1/2 43.3 
1.51 IH td 2xl1.7and2.8 
IH dddd 2 x 11.7, 10.6 and 6.1 
IH dddd 11.7,5.7 and 2 x 2.8 
IH td 2 x 13.1 and 4.3 
1 2 x 4.3 and 
2.44 IH 2xl1.7and4.3 
4H m 
3 IH 12.7 and 1 1 .4 
3.71 IH 13.3 and 9.7 
3 IH 13.0 and 3.7 












lS l n-H 
161n-H 
16 i x-H 
15' 
conformational properties and 
similar to those of cycloheptane. Calculations have shown 
are expected to 
there are four 
.. n .. ,r ..... " conformations of clOlnePlane.46 These are the (TC), the (C), 












studies on the conformational behaviour of substituted seven-membered 
heterocycles IH and dynamic NMR indicate that while most molecules exist as C 
forms, those containing the acetal function and the extremely crowded derivatives adopt 
predominantly TB form.47 greater flexibility of the TB conformation allows for 
structural distortions in order to minimize 
severe 4,7-diaxial interactions, otherwise nr':'CP1"1t 
interactions, particularly the 
the C .... v~,uv~.ua.~.v,ll. 
Work by and ("'1"\ •• Ufl'lrVpr", in this area has shown the introduction of an ortho-
group into the 1,3-dioxane leading to the dioxepin family of heterocycles 60, 
stabilizes the conformation significantly. Furthermore it was observed that the presence 
two geminal substituents at the 2 position stabilizes TB form relative to the C form. 
In the TB demanding isoclinal positions, in this 
way .. ~ ..• ~ ..... present the form 
Figure 12). 





60 c TB 












In light _,..,'_ ... ,.., statements the similarity of the to 
cis-fused ring in 59, it seems likely that that the TB conformation is more stable 
one. This is in agreement the analysis the acetonide-ring coupling data, 
which aDl)earea a nu,pu.'r it is reCOglllS(~a that this not 
be the only interpretation. 
In to establish unequivocally that 59 was indeed not the 1 ,17P-O-
isopropylidene derivative, it was subjected to acetylating conditions (AC20, py), 
which hydroxy are not h at room temperature 
.""u ...... r,,"' .... , and only 
This 
trace a 
free hydroxy group is probably 
polar 
and 
therefore the 17P-OH is The addition of 4-( dimethylamino )pyridine 
(DMAP) to acetylation reactions enhances the acetylation rate by a factor 104 and 1 .. ",",[\.,-,,:> 
the acetylation tertiary hydroxyl possible reduced 38 Indeed, 
treatment of 59 with acetic and DMAP at room TPfTln .. 'r'" 
the 151, I -O-isopropylidene-17p-acetate 61 after 17 h in 91 
Scheme 2.29 (i) DMAP 
yield (Scheme 2.29). 
OAe 
/~ --" )4 0 




The rl"''''T'''''' molecular ion was observed (M+ a peak at 1737 
the infrared spectrum confirmed the pre:sellce the acetoxy group. 
and the ~nl'\P~!r!:l 
in carbonyl region 
and NMR "rlt:>,I"T"'" 
similar characteristics to 59. A 
observed the C-17 resonance 
at this 
of the 1 ,161-O-isporopylidene-l 61 
spectrum was the 











fact that the seven-membered 151, 16'-O-isopropylidene derivative is the only product 
from acetonide "'''I.,U\.)'11 under these conditions is not remarkable. Brewster and 
the expected 1 .... 'Vfl.~ ... '" 63 as well as an equal amount of the 
isomeric l,3-dioxepane 64 when using dimethoxypropane and p-toluenesulfonic acid 
triol 62 (Scheme 2.30). Furthermore, numerous reports have demonstrated that 
the use of dimethoxypropane as acetalising agent can rise to strained and 
cyclic acetal properties of reagent are 




62 63 64 
Scheme 2.30 
outcome ....... ,,,,"',,,"' .. does not allow chemodifferentiation 15 1_ and I -hydroxy 
groups, which had been the "' .. ir. ........ In to see whether the 1 7,161 
isopropylidene derivative could be obtained under equilibrating conditions, the method 
isopropyHdenation acetone and p-toluenesulfonic acid, in the presence 
copper(II)sulfate was attempted. 50 The thennodynamic product is to prevail under 
these 
Treatment the triol 56 with 
temperature slowly, with 
p-toluenesulfonic acid 
prrtPr1C1'prtC'.p of a single, 
copper(II)sulfate at room 
polar product (TLC). 
nuJ .. ...,'~r prolonged reaction did not result in complete conversion of material. 
Attempts to drive the reaction to completion were made by increasing the 
temperature, and heating under gentle reflux for 19 h, the reaction was complete (TLC). 











expected molecular ion for a mono-isopropylidene derivative 410) was not 
but rather a at 352. Close examination all spectroscopic and analytical data resulted 
as that dehydration the triol, tetrahydrofuran 
derivative (Scheme 2.31). 
56 65 
Scheme 2.31 Reaction conditions: (i) acetone, TsOH, CUS04, A 
view the that derivatives are by 
dehydration 1 ,4-dihydroxybutane and thereof,51 this result is not surprising. 
the NMR spectrum signal at (53.08 (td, J2 x 8.3 3.2 was to 16f)-H. 
Its pattern is compatible with a large geminal coupling to 15f)-H, a large vicinal 
coupling to eclipsed 2'f)-H and a smaller vicinal coupling to the synclinal 2'a-H. 
signal due to 1 was obscured by the 6-H2 multiplet at (5 2.88 
additional coupling data being elucidated. On the 
displayed by the methylene protons, the signals at (5 3.67 (dd, J 9.4 7.5 Hz) and 
8.1 were assigned to the f)-orientated protons, those at g 3 J9.2 




IH spectrum is significant up field shift of resonance 
to in the cycloadduct 46 to (5 1.69 in the tetrahydrofuran 65. 
is to be on account the of 5'-carbonyl which has a 
through-space deshielding on 7f)-H in Comparison of the I3C spectrum 










methylene carbon __ "" _____ to B 68.0 and 69.7. This 
hydroxy to ether functionality. 
the success in the 








scope for selectively protecting one the primary groups was It was 
hoped that the use of bulky reagents, such as p-toluenesulfonyl chloride, would enhance the 
chemoselectivity process. 
Cleavage of acetonide of the ace:tox.v 161,1 61 was first carried out. 
The reagent iodine and methanol, has been reported to deprotection 
highly efficiently and under conditions mild enough to employed in presence of 
protecting including groupS.52 The work-up involves reducing the excess 
........... u""' with thiosulfate. 
solution of 0.5 % iodine I methanol (w/v) was ....... v .... for 3 h at room 'VAL,,,..-V> 
giving rise to the 15 1,16 1-diol-l -ac1eta1te 66 in 76 % (Scheme 
OAe 
/~ --" ~ 0 \ \----k 
61 
Scheme 2.32 Reaction conditions: 0) 0.5% h/MeOH, 
the 
acetonide had occurred. 
3438 cm- I hydroxy 
molecular M+ 412 confirmed that cleavage of the 
spec~ a ,.,1";:>, ... ",1""" absorption band at 
cm-' for the carbonyl while the absorption band at 1 











IHNMR splitting of the bridge and methylene 
were essentially same as those in spectrum of 58. 
Comparison of the chemical shift data of triacetate 59 diol66 an 
upfield shift of ~ 2 for the methylene to 8 60.5 and while the 
17 resonated at a chemical 8 94.6. This the presence of 
group. 
diol66 was pyridine at and 
reaction closely monitored by TLC. formation of a polar product as 
as a minor product intermediate Re, evident after 30 for a h 
at O°C resulted in the accumulation of the major product and disappearance of the 
'-'UJP"f~r starting 
nn"AlP'ilpr did not 
was still Stirring for a further 1 00 h at room temperature 
starting The single product 67 
was isolated in 41 % yield and starting was rpr',-,uprp'n 
presence of a molecular ion M+ 
a loss of water to form the 
(Scheme 2.33) 
66 





2.34), giving rise to a product in 79 % 






(j-ac:etate 67, had 
67 
structure, the 1 160,-
conditions 
whose spectroscopic analytical were 













\ \ 0 
'~ 
65 67 
Scheme 2.34 Conditions: (i) AC20, py, DMAP 
The IH NMR spectrum of 67 was .;:JUU,H<U to that 65. Full asslgnme]nt 
was restricted their coincidental chemical equivalence. Greater 
signals was obtained when the spectrum was In 




lH NMRJvalues (Hz) 67 
The signal 16~-H was observed as a dt at 8 3.06 9.6 and 2 x 7.1 Hz). 15~-H 
was located by a crosspeak in the COSY spectrum to a mUltiplet at 8 2.62, which coincided 
with 6-H's. precluded analysis coupling behaviour. Another crosspeak in 
the COSY spectrum from the 16~-H to dd at 84.03 and 4.18 (J and 7.1 located 
methylene protons. The 51-methylene protons were located in a .;:Juu,uc.u manner to 











of the anhydro under conditions is not Indeed the 
.......... v .... "', ... <,U formation of inner ("dehydration") when out tosylation 
."'u"'~n ..... " on carbohydrates in ore:sellce of pyridine is widely occurs when 
sulfonyl ester is ...... "'1" ............ ,.. upon by an intramolecular 
hydroxy giving rise to possible mechanism f"" ........ ".h" ..... of the 
derivative 67 is e:x::~rn,P!u .. ,,,. in Scheme 2.35. 
OAe lji rc;s ;i --_/ 
__ 7. ) 
\: " .. ''--OH 
66 
to unfavourable formation derivative, tosylation 
OAe 
/~ ---)# 1 
\: '- 0 
'---
67 
was not further. it was decided to carry out a """I"IT"""'T' 
acetoxy diol 66 
using the less 
times less ."' ... <.U ...... n .. A."''' ..... '.''' (mesyl) esters are chloride. 
towards displacement than 
u~ ... v .. of the anhydro derivative would not interfere. 
procedure used by Crossland co-workers55 was employed, 
so it was hoped that 
deviates from the 
Tipson procedures3 by the use triethylamine as base and (llChlo.rornet as solvent. 
conditions are reported to sufficiently mild that even very 
alcohol with little 
the acetoxy diol 66 was .... VI ...... "I\A'I:,,.. at -78°C and was 
30 min, three distinct which {'{u,vprOI"n to 
product was isolated in 83 % yield and was formulated as 
systems, such as 
reactions. The 
monitored by TLC. 
polar spot after 3 
p-alcel:OX''{- 5 \ 1 -
dimethyl sulphonate ester 68 No attempt was 
respe(:tnre monomeyslates. 
to ... ".n'~~'" the intermediates. 












Scheme 2.36 Reaction Conditions: (i) MsCI, Et3N, CH2Ch, -78°C, 3h 
All spectroscopic and analytical properties were consistent with the assigned structure. The 
infrared spectrum displayed the characteristic acetoxy carbonyl absorption at 1743 cm'l and 
the absorption peaks observed at 1362 and 1175 em-I were assigned to the sulfonyl groups. 
The 400 MHz IH NMR spectrum displayed two methyl singlets at () 3.03 and 3.05 assigned to 
the methanesulfonyl methyl groups. The 17p-acetoxy methyl singlet appeared at () 2.12. The 
lSp-, 16P- and methylene proton signals were unambiguously assigned with the aid of a 
COS Y spectrum. Table 2.12 compares this I H NMR chemical shift data with that of the 
acetoxy diol 66 and the triacetate 58. Inspection of this data shows that these signals for the 
acetoxy dimesylate 68 appear characteristically downfield compared to the acetoxy diol and 
















td, J 2 x 10.0 and 
td, J2 x 10.0 and 3.1 
3.51 
dd, J 11. 5 and 1 
J 11.5 2.6 
3.60 
dd, J 11.3 and 10.0 
1 
dd, J 11.3 3.0 
of chemoselectivity in the mesylation 
reagent is relatively stericaUy undemanding. 









~ ... / 
\ " '~OMs 
J2x and 3.4 td, J2 x and 3,0 
2.96 
dt,J and 2 x 
dd, J 12.2 and 8.5 
4.38 
dd, J 1 and 
4.06 
dd, J 11.5 6.6 
19 
dd, J 11.5 and 
6.06 6.47 
3.1 
td, J2 x 8.3 
3.99 
5.2 
dd, J 10.7 and 8.3 
3.0 
dd, J 10.3 and 8.3 
4.42 
dd, J 10.3 and 5.2 
6.10 and 6.51 
d,J 
", .. """vu is not surprising, considering that the 
was subjected to similar 
69 was t-n ........ pr! in 95 % 
6 h. '"'''''~'"''' when uOilect(~a to standard conditions (AC20, DMAP), 












56 69 68 
Scheme Reaction Conditions: (i) py, (ii) py, DMAP 
Based on this outcome, 69 was confidently formulated as , 161-dimesylate-17~-alcohoL 
IH BC NMR of 69 were to 
difference the I H NMR was the chemical shifts for 
The only noteworthy 




spectrum of the dimesylate 68 compared the dimesylate 69, 
expected through space deshielding 17~-acetoxy group on 
Base alll[U~IIl of 17~-acetoxy ,161-dimesylate 68 
In the initial purpose of chemoselectively differentiating primary 
hydroxy this result served the purpose of an suitable 
Wharton fragmentation. Indeed 1,3-disposition bridgehead hydroxy (in 69) or 
acetoxy (in 68) and 16a-mesyloxymethyl encouraged the expectation treatment 
with should result fragmentation to a 14~-substituted product. 
heterolytic fragmentation is not limited to 1,3-diol monosulfonate esters. In 
work conducted by and on total of 
sesquiterpenes, it was that perhydronaphthalene-l mono sulfonate esters react 
upon treatment with base to give rearrangement and/or elimination products. The formation of 
alkoxide induces heterolysis of the sulfonate ester group via through bond interaction 
as in case the Wharton only time 1'1'1 .. ,(\'1£,,1'1 
C-C bonds 
bonds betwetm 
than two. Studies conducted on the effect of the geometry of the relaying (J-











consequence on heterolysis of sulfonate esters 59 demonstrated that a W arrangement of the 
a-relay is most favourable geometry mediating TBL Any deviation from W 
arrangement makes transmission ofTBI more difficult, thf'rf'h,v reducing the reactivity of 
compounds. compounds possessing such a W arrangement were found to 
exhibit homofragmentation as the characteristic """~'f'rl'-" pathway, as demonstrated 74 in 
Scheme This is because fragmentation process can only occur if back lobe the 
polarised C-C-O bond can overlap the p-orbital of incipient cationic and 
is satisfied the bonds the W Without 
participation of 1,3 through space interaction, resulting from 
elimination are formed, as for 70 Scheme 
In of the "'-""'''0''-'' discussion, it is possible that treatment of dimesylate 68 or 69 with 
base, could give to two competing reaction pathways: ....... v .. of the 1,3 
diol monomesylate or "'''''t'''' .. ''.I'''' the monosulfonate ester. The outcome will a 
composition, which reflects more or most favourable 
be determined by the 
transmission ofTBI. 
having the most favoured 















" ... - ...... : ,,,- ...... 
r~ 'y' ') 





























Treatment of the 69 with M methanolic potassium hydroxide in tetrahydrofuran 
gave to single product after 45 in 93 % Similar treatment of 
dimesylate 68 identical 82 % yield after 90 min. product was 
formulated as 
(Scheme 




'. ...... · ....... OMs 
68 R:::: Ac 
69 R OH 
2.39 Reaction Conditions (i) KOH, MeOH, THF 
o 
OMs 
All spectroscopic and analytical ...... "n".t~' were consistent with the structure. 
and NMR of 76 diagnostic signals for 14j3-allyl 
for 76 is displayed are group and the ring enone moiety. Some essential NMR 
Figure signals the vinyl protons, 15- and 1 as doublets at 0 
and 6.34 (J Hz) respectively, the coupling constant consistent with their 
arrangement. The doublet of at 0 3.22 (J and 2 x 5.9 was assigned to 2'-H, its 
splitting v .............. consistent with couplings to three protons. correlation the 
COSY ... ",,,,t-1"1'n'"I to a doublet at 0 4.31 (J integrating for two orOlons. located 1 '-
partner, was located u;:,;:,v",cU'\. to the at 0 6.03 
(dt,J16.8 2 x 9.8 The latter coupling to 4'-Htrans (16.8 Hz), its 
magnitude consistent with trans two slightly couplings 
correspond to couplings with 4'-Hcis and The appeared at 0 (J 
16.8 while the appeared at 05.37 (dd, J9.8 and 1.5 smaller coupling (1.5 
Hz) displayed by the latter proton signal corresponds to geminal coupling to This 












angle (to -120°) ne['wef~n 
coupling (see Table 2.1 
Figure 2.14 
protons?4 
IH NMRJvalues (Hz) 76 
Full asslgnmeltlt of the was made possible aid of 
17 signal ... v ... ,,, .... at 0 212.2, while the U'l:>"-'~ for C-15 and 
o 1 (d) and 163.5(d) characteristic olefinic region. The signals 
69 




were located by relevant crosspeaks the HSQC spectrum to resonances at 
049.1 (d), 71.0 (t), 134.3 121.6 (t) respectively. noteworthy 1"",,,,1:"1"0 of the 13C 
NMR 
a 
"'''''',..'1" ... , ...... is the 
of the presence 
downfield shift in 
17-carbonyl functionality. 
18 resonance of - 9 to 0 24.3, as 
outcome of this reaction clearly indicates that Wharton fragmentation "'v •• " .. ~ ...... ,," the 
most favoured pathway these conditions, and confirms the 












Table 2.13 Selected IH NMR data for 
JlHz 
9.8,2 x 
4.31 2H d 5.9 l'-H 
5.29 d 16.8 4'-Htrans 
5.37 IH dd 9.8, 1.5 3'-H 
6.03 IH dt 16.8, 2.x 9.8 4'-H 
6.34 d 
7.42 d 5.9 15-H 
This foregoing has the 
manipulation of cycloaddition to produce a suitable Wharton 
precursor, which cleanly and to produce the 
76. Although did not permit investigation, it is anticipated that eliminatation of 
mesylate 76 would give the 14p-diene (Scheme 2.40). Such an intermediate presents 
a perfect opportunity for exploiting cycloaddition methodology to achieve ring construction in 
a facile manner, thus providing access to the desired 14p-cyclohexenoid derivative 78. 
Furthermore by making a suitable choice of dienophile, the appropriate functionality can 
introduced into the which will then enable further manipulation of the 14P-
cycloahexenoid derivative to the desired 14p-aryl target 79. 
o o o o 
--------.. --------.. --------.. --------.. 
R R 














points were determined on a Reichert-Jung Thermovar mIcroscope are 
Optical rotations were measured on a Perkin-Elmer 141 Polarimeter 
chloroform 
Infrared 
otherwise are in units of 10-1 deg cm2 
were recorded on a Perkin-Elmer Paragon 1000 FT -IR m 
chloroform solutions, unless otherwise stated. IH spectra were recorded on a Varian 
Unity (400 MHz) at 400 deuteriochloroform solutions otherwise 
spectra were recorded on a Varian Spectrometer at 100 MHz. 
Elemental were using a EA 1108 instrument. Mass 
... ~<>,.. .... " were recorded on aVO micromass 16F mass spectrometer at 70eV and 
voltage 4 masses were on a MS9/50 
Cn~>('Tr· .... rr\Pt#~r at Cape 
Reactions were monitored by thin 
F 254 Once the 
chromatography using aluminium-backed silica gel 
were by spraying with a cerium(IV) 
sulfate solution in sulphuric and heated m an oven at Column 
chromatography was carried out using Merck ""'"'~'''''''''F.''''' 60: 
and 230-400 mesh for flash chromatography. 
Commonly' were purified as follows: 
Tetrahydrofuran - dried over sodium and then ~A"'~'''''''''~ from 
to use. 
Toluene - distilled from sodium and over sodium 
mesh for columns 
and benzophenone under 
Acetic anhydride - fractionally distilled 
Pyridine - distilled from potassium hydroxide stored over p01tas~m hydroxide pellets 
Dichloromethane dried over phosphorus pentoxide and distilled prior to use 













Cycloaddition of 3-methoxyestra-l,3,5(1O),14,16-pentaen-17-yl acetate 7 with p-
benzoquinone 
Boron trifluoride-diethyl (0.05 , 0.4 mmol) was added to the dienyl acetate 7 
mg, mmol) and p-benzoquinone (486 mg, 4.5 mmol) in dry toluene (25 cm3) at under 
nitrogen. reaction was stirred at O°C 2 h, then added and the 
extracted ethyl acetate. combined phase was washed successively 
with aqueous sodium hydrogen carbonate and brine, dried (MgS04), and evaporated under 
reduced pressure. Flash chromatography the material (1.23 on silica gel (90 g) 
using ethyl acetate-toluene (3:7) as gave 3-methoxy-3',6'-dioxo-15a.H,1 
15,1 14,1 1,3,5(10)-trien-17p-yl acetate (65 5 %), 175-
178°C (from acetone-methanol) (lit.,12 m.p. 177-179°C) followed by 3-methoxy-3',6'-dioxo-
15PH,16pH-benzo[15,1 14,1 1,3,5(10)-trien-1713-yl acetate 25 
%), m.p. 144-146°C (lit.,l2 145-148°C). 
Hydrogenation of benzoquinone cycloadducts 24 and 25 , 
a) major cycloadduct 25 (732 mg, 1.7 mmol) in ethyl acetate (50 cm3) at was 
hydrogenated at in the pre:5en4~e of palladium on carbon (10 
After 3 h mixture was filtered through and the filtrate evaporated under reduced 
pressure to the crystallisation the gave 
3-methoxy-3'(4'H),6'(5'H)-dioxo- I3H,16I3H-benzo[1 16]- 17a.-ethanoestra-l,3,5(l0)-
trien-1713-yl acetate 27 (690 mg, %), m.p. 21 
(c 1.0); vmax!cm'l 1 and 1708 (CO); 
ddd, J 12.8, 4.3 and Hz, 1213-H), 1.69 (lH, 
17-0Ac), 2.30 (lH, dddd, J 1 6.0 and 2 x 3.0 
1 
(l 
2.68 (lH, J 2 x 11.4 4.8 9a.-H), 
and ISI3-H), 3.77 (3H, s, 3-0Me), 
J 2.8 6.70 (1 d, J 8.7 and 
(from chloroform-methanol); 
(3H, s, 1313-Me), 1.46 (1 
and Hz, 813-H), 2.09 (3H, s, 
7a.-H), 2.33-2.45 (2H, 60.- 613-
(4H, m, and 5'_H), 3.07 (lH, d, J 
12 (1 d, J 1 and 1613-H),6.62 











oc(lOO 1 (q, C-l .8 (q, 17-0COCH3), (each t, 17
1 
26.8 (t, C-ll), (t, 12),30.1(t, 1 39.8 
40.3 40.7 (each d, C-8 ),50.6 and 51 s, C-13 and 
(each d, 15 and C-16), .2 (q, 3-Me), 91.4 (s, C-17), 111.6 (d, C-2), 113 (d, 126.4 
), 132.7 (s, C-IO), 1 C-5), 157.6 170.4 (s, 17-0COCH3), 208.1 and 
s, C-3' 74.0; H, 74.3; 
H 436). 
b) trifluoride-diethyl (0.18 cm3, 1.39 was added to acetate 7 
(3.00 mmol) and p-benzoquinone (1.50 13.88 mmol) in dry toluene (60 cm3) at O°C 
nitrogen. The reaction mixture was stirred at for 3 h, then ice-water and the 
ext.racteC1 with acetate. The combined phase was 
(MgS04), 
to material (4.31 of 
was treated with dust (1.5 g, mmol) under ultrasound 







OJV •• ";",", (3x) and 
organic phases were washed with aqueous 
(MgS04), and "",1<,,"""""'" under reduced 
hydrogen 
Flash 
reSIDue (3.91 on (200 g) using ethyl acetate-toluene 
(1:9) as eluent 1 16]-1 17a-
ethenoestra-I,3,5(1 7p-yl acetate 28 (208 5 %), m.p. 142-1 (from ethyl 
0.96 (3H, s, 
and 2.5 Hz, 
acetate-hexane); [a]o (c 1.0); vmax/cm'l 1705 1738 (CO); OH (400 
1 1.43 (tH, qd, J3 x 13.7 and 4.5 Hz, lIP-H), 1.62 (lH, ddd, J 1 1, 
1 (tH, 2 x 4.8 and lla-H), 2.17 (3H, s, I 2.48-2.70 
m, and s, 3-0Me ), (each 1 d, J 10.1 Hz, 15a- and 
16a-H), 6.18 and d, J 6.0 172 -H), 6.63 ( 4-H), 
(lH, d, J 8.4 and 2-H), 7.21 (tH, J 8.4 I-H); 3c(100 1 (q, C-l 
21. 7 (q, 17 -OCOCH3), 26.0 (t, C-7), 27.2 (t, C-ll), 30.6 (t, C-12), 31.3 (t, (d, C-8), 
I 
(d, C-9), 38.4 t, C-4' and 48.9 (d, C-16), 53.2 (d, 15), 55.2 (q, 3-
and 13 and 7), 112.0 113.7 (d, C-4), 
C-l), 1 
(s, C-3), 170.6 
1; H, 6.9 %; 
llandl 
17-0COCH3), 
d, C-171 and 
(each s, 
H 6.9 %; M, 













methoxy-3'( 4'H),6'(5'H)-dioxo-15IlH, 16IlH-benzo[1 16]-14,17a-ethenoestra-l,3,5(10)-trien-
171l-yl 22 (2.60 65 %), m.p. 162°C acetone-methanol); [0.]0 (c 1.0); 
vmax/cm-
I 






7a-H), 1.70 (1 J2 x 11.3 2.6 Hz, 81l-H), 16 s, 17-0Ac), 
4'· 2.75-2.92 m, 61l-H), 3.32 (IH, d, J 9.6 151l-H), 
(3H, s, 3-0Me), and (each IH, J 6.2 
J2.8 6.70 (IH, J8.4 and 2.8 2-H), 7.17 (tH, d, J 8.4 
(t, C-7), 26.7 (t, 1), (100 MHz) 16.0 (q, C-18), 21.6 (q, 1 
30.1 (t, C-6), 38.1 and 39.6 (each t, C-4' and 40.0 and 40.9 (each d, 
and (q, 3-0Me), 56.2 56.5 (each d, C-15 and C-16), 60.7 and (each s, 
and 14), 95.6 (s, C-17), 111.9 C-2), 113.4 (d, C-4), 127.0 (d, 131.8 (s, 10), 
131 and 134.9 (each C-l and 72), 137.9 157.6 (s, 170.2 (s, 17-
OCOCH3), 206.8 (each s, and C-6') . H, %; M+, 434. 
74.6; M,434). 
3' ,3' (4'H)-Ethylenedioxy-3-methoxy-6' (5'H)-oxo-15 IlH,16 IlH-benzo [15,16]-14,170.-
ethenoestra-l,3,5(10)-trien-171l-yl "''''''':I"",r., 
To a solution the cycloadduct (100 mmol) in dry (25 cm3) was 
ethane (2 cm3, mmol) and p-toluenesulfonic acid (20 0.11 mmol). 
solution was heated reflux for h using molecular The 
solution was allowed to and aqueous hydrogen The 
was extracted with ethyl acetate the organic phase washed with water, 
brine and dried (MgS04). Evaporation of solvent under reduced pressure gave the 
(138 mg). Flash of gel (20 g) ethyl aCel[ale··ne:x:ane 
(3:7) as 29 (86 mg, 78 %), 146-148°C; [0.]0 0 (c 1.0); vmaxlcm'I 
1694 and 1740 (CO); (400 MHz) 1.02 s, nil-Me), 1.10 (1 4.1 2.7 
Hz, 1.28 (lH, dddd, J2 x 1 12.0 and 4.1 1l1l-H),1 td, J2 x 12.0 and 
2.0 1.61 (1H, J2 x 12.0, 10.5 1.89 J 13.9, 9.6, 
and 1.2 Hz, 4'1l-H), 2.10 (3H, s, 17-0Ac), (lH, ddd, J 17.6,9.7 and Hz,5'a-H), 











(lH, td, J 2 x and 4.0 
3.34 (lH, 
2.74-2.86 m, 6a- and 6~-H), 3.08 (lH, 
J 10.6 and 1.3 1 J 10.6 and 1.2 Hz, 3.76 s,3-0Me), 
3.89-4.04 (4H, m, O(CH2)20), 6.16 and IH, d, J 1 1 and 172 H, 
d, J 2.8 Hz, 6.70 (lH, d, J 8.4 and Hz, 2-H), 7. d, J 8.4 Hz, I Oc (100 
15.6 (q, C-18), 21.8 (q, 17·0COCH3), 24.8 (t, C-7), (t, C-ll), 28.7 (t, 30.4 
(each t, C-4' and 40.3 and 40.4 d, C-8 and C-9), 51.2 (d, C-
(q, J-'U'i'H"" 
t, O( CH2)20), 
5), 
(s,C-17),108.7 
1), 129.3 and 132.9 (each d, C-171 and 172), 132.1 (s, 
(s, 17 -OCOCH3), 211.8 (s, C-6') (Found: C, 72.6; 
H 7.2 %; 478). 
L-Selectride® reduction of the dihydrocycloadduct 22 
dihydrocycloadduct 22 (500 1.16 mmol) was 
solution '-''-'v .......... to -78°C (1.6 
3 C-14),64.0 65.4 





a 1.0 M solution tetrahydrofuran, 
1.6 mmol) ......... ,., .... The mixture was at -78°C 5 then sattlrat(~d 
chloride added 
hydroxide 
the mixture allowed to warm to room temperature. sodium 
cm3) was added slowly followed by hydrogen peroxide (30 %, 25 cm3), 
the mixture h and with dichloromethane. The combined organic 
phases were was:nea successively 
dried (MgS04), evaporated 
dissolved in (7 cm3) 
(dimethyl amino )pyridine (28 mg, 
water 
combined were 
brine, dried and 
"' ............. " ..... ..,"' .... '-LU~ 1"1·,,111"(\01"'" carbonate, water and brine, 
reduced crude ...... "'r"' ... mg) was 
mmol) and 4-
C1TI'1"PI1 for 16 h, then 
acetic anhydride (1 cm3, 1 
mmol) added. mixture was 
for 30 min. extraction with acetate, 
hydrogen arb()na1:e. water and 
under reduced Flash of 
crude material mg) on silica (50 g) using ethyl (3 as eluent gave 
methoxy-hexahydro-15~, 16~-benzo[15, 16]-14, 17a-ethenoestra-l ,3,5(1 0)-triene-17~,3'a,6'a-
triy/ triacetate 30 1 mg, 15 %), 186-188°C 
(400 l.Oin vmaxlcm- l 1727 
13.2,4.0 2.8 Hz, 12~-H), 1 (IH, dddd, J 3 x 
ethyl acetate-hexane); [a]n +115° (c 
1.08 (lH, ddd, J 










3H, S, 2.40 (IH, td,J2 x 1 
J 10.6 and 6.4 Hz, 1 2.7S-2.86 (2H, m, 




1611-H), 3.77 (3H, S, (2H, m, 6.01 and 6.33 (each 1 d, J 6.2 
17 1- and 172-H), 6.60 (l d,J2.S Hz, 4-H), 6.70 (l d,J8.6 and 2.8 7.20 
(1 JS.6 Hz, I-H); ihl (400 MHz, C6D6) 0.76 S, 1311-Me), 1.60, 1.72 and 1 (each 
S, -OAc), 2.11 (IH, J 13.4, 2 x 4.4 and 11 a.-H), 2.48 (IH, td, J2 x 11.5 and 
S, 12 (1 2 x 3.4 Hz, -CH(OH», (1H, 
Hz, -CH(OH», 
4-H), 6.74 (lH, dd, J 
(q, C-18), 21 21 
6.49 (each 1 
and 2.4 Hz, 2-H), 
li- and 1 J 
13(1 d,J8.6 (100 MHz) 
6'-OCOCH3), 23.1 (each t, 
12), 30.5 (t, C-6), 40.4 40.6 (each d, and C-5'), 25.2 (t, 
C-9), 45.0 (d, 
21.7 (each q, 1 
27.4 (t, C-ll), 29.0 (t, 
46.7 (d, C-15), 58.5 and 63.1 s, C-13 
14),67.3 and d, and 17), 112.0 (d, (d, C-
(d, C-l), 1 (each d, 132.2 C-5), 
1 (s, C-3), 169.9, 170.0 and 170.2 (each s, 17-0COCH3) H, 
%; M+, 522. C31 C, 71.2; H M, 522) followed by 
oxo-tetrahydro-1511,1 16]-14, 1 fa.-j;th(~nOj;stra-1,3,5(10)-triene-l 
diacetate 31 (393 187-191°C (from ethyl acetate-hexane); 
vmaxlcm-1 1736 (CO); (400 MHz) 1.03 (3H, s, 13 1.12 (1 H, ddd, J 1 
(c 1.0); 
and 2.4 
1 J3xl and 4.3 11 1.47 (lH, td, J2 x 1 and 2.S Hz, 
SI1-H), 1.99 and s, 3'a.- 1 J 2 x 12.0 and 3.7 
9a.-H),2.73-2.88 m, 6a.- and 611-H), d, J 11.3 Hz, 1 (lH, dd, J 
3'-H),6.20 
2-H),7.21 
11.3 and 4.5 Hz, 1611-H), 3.78 (3H, s, 3-0Me), 5.30 (1 td, J2 x 
s, Ii-and 1 6.61 (1H,d,J2.8 6.71 (1H,d,J8.6 
(l d, J 8.6 
OCOCH3), 26.0 (t, 
40.2 and 40.3 
57.5 and 
11 (d, C-4), 1 
138.0 (s, C-5), 157.4 
C,72.3; 7.4 
oc(100 MHz) 15.4 (q, 18),21.3 and 21.5 (each q, 3'- and 17-
26.4 (t, C-7), 27.9 (t, 11), 28.1 (t, C-12), (t, C-6), 34.9 (t, 
C-8 and C-9), 1 
s, 13 and 
1 (each d, 
C-3'),93.8 
1), 130.7 and 131.6 (each d, 
170.0 and 170.1 
M\ 478. C29H3406 
s, 3'- and 1 















3-Methoxy-hexahydro-1Sp,16p-benzo [IS,16]-14,17a-ethenoestra-l ,3,S(1 O)-triene-
17p,3'a,6'a-trioI32 
.~ ... "'.".u hydroxide cm3, 1 M) was to a "'''Unl''! of the 
(50 0.1 mmol) in tetrahydrofuran cm3) and mixture stirred at 
Aqueous ammonium chloride was added mixture extracted with chloroform. 
combined organic 1-1""""''-'''' were with water (MgS04), and 
reduced Crystallisation of the residue mg) from acetone-methanol 
77 
the triol 32(30 [a]o +700 (c 1.0 CsHsN); 3370br 
(OH); DH (400 CsDsN) 1.19 (3H, s, 13 1.28 (l s, -OH), 1.56 (l td,.12 x 1 LO 
8P-H), 1 1.71 (2H, m, and 5'-H), 1.98-2.08 (3H, m, 5' and 
2.28 (1 dddd, .1 13.4, and 2 x 3.S 7P-H), 2.37 (1 dd, .1 10.7 and 4.3 Hz, 1 
2.67 (lH, dd,.1 10.7 and 3.8 16P-H), 2.79-2.90 (2H, m, (3H, s, 
OMe), 4.40 (lH, dt,.1 8.6 and 2 x 6'-H), 
(1 s, -OH), 6.29 and .1 S.9 Hz, 1 - 172-H), 4-
H), 6.88 (1 d,.1 8.6 and (1.1 8.6 1 
18), (t, 12), 41.2 
C-8 an d 
C-13 and 4), 64.3 (d, 
127.2 (d, C-l), 130.7 and 134.0 
C-3) (Found: 1; H, 
.0 (d, C-16), (q,3-0Me), 
17), 112.1 (d, 
C-172), 138.8 s, C-S 
requires H 8.1 
s, 
113.9 (d, C-4), 
10),158.1 
M, 
3-Methoxy-6' (S' H)-oxo-tetrahydro-1Sp,16p-benzo[lS,16]-14,17a-ethenoestra-l ,3,S(1 0)-
triene-17p,3'a-diol 
Methanolic (l.S cm3, 1 M) was added to a solution of diacetate 31 
in tetrahydrofuran (12 the stirred at 3 h. 
ammonIum was the mixture extracted with chloroform. 
combined phases were washed water and (MgS04), evaporated 
under reduced Filtration the residue (1 mg) through geI(16 g) ethyl 











[a]D (c 0.9); vrnaJcm'1 351 (OH) and 1710 (CO); (400 MHz) 1.00 (3H, 
s, 1 (1 td, J 2 x 11 and 3.9 9a-H), (1 s, -OH), 2.79-2.82 m, 
6a- and 6[3-H), 3.01 (1 J 10.5 15[3-H), 3.06 dd, J 10.5 4.1 16[3-H),3 
(3H, s, 3-0Me), 4.38 (1 J 8.2 and 2 x 4.1 
1 - and 172 -H), (I H, d, J Hz, 
J 8.6 I-H); Sc (100 MHz) 15.0 (q, 
6.12 d, J6.0 Hz, 
2-H), 7.19 (I d, 
(t, C-1 (t, C-6), 3 (t, C-5'), 40.6 and 40.7 d, C-8 .C-9), 51.3 56.8 (each 
d, 16), 55.2 (q, 3-0Me), 60.2 62.7 (each s, C-13 and 14), 67.0 (d, C-3'), 
91.0 17), 111.9 (d, C-2), 113.4 (d, C-4), 127.3 (d, 1), 132.2 (s, 133.3 13 
(each 138.1 21 C-6') (Found: C, 76.1; 
Pivaloylation of the triol 
Pivaloyl chloride (0.1 cm3, 0.85 mmol) was added to a solution of triol 32 
0.17 mmol) in dry pyridine (3 at O°e. solution was allowed to warm to room 
temperature stirring continued for h. Water was added and the reaction mixture 
acetate. combined phase was washed water 
and dried (MgS04) and reduced pressure. 
chromatography of the mg) ethyl (1 : 1) as eluent 
3'a-pivaloyloxy 17[3-diol (13 16 %), SH (400 MHz) 1.02 s, 13 1.20 
(9H, m, 3'a-OPv), (1H, dd, JILl and Hz), 2.47 (1 m, (1H, JILl 
and 4.6 2.74 (1 d, J 12.5 m,6a- (3H, s, 
4.28 (lH, (lH, td, J 2 x 4.4 2.4 Hz), 5.60 and 6.22 (each lH, d, J 6.0 Hz, 1 -
1 -H), 6.64 (lH, d, J 4-H), (IH, dd, J 8.6 and 2.7 2-H), 7.21 (1H, d, J 
8.6 1 Sc (100 MHz) 1 26.5, 26.6, 30.1 (t, C-6), 
1 [s, and 40.5 C-9), d, C-15 and 
16), 55.2 (q, 3-0Me), and 62.8 s, C-13 C-14), and 68.9 d, 
and 17), 111.6 (d, C-2), 113.4 (d, C-4), 126.6 (d, C-l), 1 .0 (s, 10), 133.1 
and 134.2 d, Ii and C-I 138.2 (s, 157.5 3'a-OCOCMe3); 
480 (M+) followed by 6'a-pivaloyloxy-3'a,1 351 (14 17 %), (400 MHz) 











m), 5.98 and 6.10 (each 1 d, J 6.1 Hz, li- and 172-H), 6.61 (1 J Hz, 6.70 
(lH, dd, J 8.7 and 2.7 Hz, 1 (1H, J 8.7 I-H); (100 MHz) 1 (q, 18), 
25.2, 26.7, 26.9, 30.3 (t, C-6), [s, 40.3 and 
(each d, C-8 C-9), 47.9 and 48.6 (each d, C-15 and C-16), 3-0Me), 59.2 and 62.6 
(each s, 13 and C-14), 64.8 and d, and C-6'), 90.8 C-17), 111.9 (d, C-2), 
113.4 (d, 1 (d, 1),132.4 (s, C-lO), 131.3 and 13 (each d, C-17' and 172), 
(s, 157.6 C-3), 176.9 6'a-OCOCMe3), rnIz 480 (M+) followed by starting 
material (44 65 %). 
3-Methoxy-6! (5' H)-oxo-tetrahydro-15p,16p-benzo [15,16)-14,17 a-ethenoestra-l ,3,5(10)-
triene-17p,3' a-dioI3' -methanesulfonate 36 
a solution of the diol 33 (100 mg, 0,25 mmol) 
triethylamine (0.6 cm3) stirred at -78°C was 
methylene chloride (5 cm3) containing 
methanesulfonyl chloride (130 1,14 
mmol). The was stirred at -78°C 3 h then water ........... ,"' ..... was 
extracted methylene an ice-cold work-up of the combined phase was 
out with HCl (2M), saturated sodium hydrogen carbonate solution, and 
solvent was then dried (MgS04) evaporated to dryness reduced to give the 
crude (118 mg), chromatography on silica gel (12 using ethyl acetate-hexane (1: 1) as 
gave 3'a-mesylate (75 
(lH, J2 x 11 and Hz, 8P-H), 1 
63 %), OH (400 MHz) 0.99 
(IH, dddd, J 13.4, 6.0 and 2 x 
s, 13p-Me), 1.47 
7P-H),2.59 
(tH, td, J 2 x 11.4 and Hz, 9a-H), m, 6a- and 6P-H), 1 (l d, J 11 
1 3.03 s, 
3-0Me), (lH, J 2 x 4.8 and 
and 1 -H), 6.61 (lH, d, J2.6 
I-H) followed by starting 
3.18 (tH, dd, J 11 4.8 16P-H),3.77 s, 
5.86 and 6.20 (each 1 d, J 















ethenoestra-l,3,5(1 O)-triene-17~,3'a-diol 3'a-methanesulfonate 37 
The alcohol 36 (75 0.16 mmol) was dissolved in dry pyridine (3 em3) 
anhydride (0.3 em3, 3.18 mmol) 4-(dimethylamino)pyridine (20 mg, 0.16 mmol) were 




crude (88 mg). 
eluent 
hexane); [a]D 
13~-Me), 1.12 (1 
4.3 11 ~-H), 1 (1 
and 5.9 7a-H),2.11 
2.62 (1H, td, J 2 x 11.7 
11.6 Hz, 1 3.00 
(3H, s, 3-0Me), 4.38 (1 
li- and 172-H), 6.60 (1 






mixture was extracted with ethyl acetate and the 
with aqueous sodium hydrogen carbonate, water 
the solvent under reduced pressure 
(lOg) using ethyl acetate-hexane (1 : I) as 
65 %), 1 acetate-
(CO) and 1344 (SO); 1 s, 
and 12~-H), 1.28 (l dddd, J 2 x 13 
J 2 x 11.7 and 2.9 Hz, 8~-H), 1 (1 
s, 17-0Ae), (1H, dddd, J 13.6, 2 x 4.2 and 
2.72-2.86 (2H, m, d,J 
s, 3'-OS02CH3), 3.35 (lH, dd, J 11.6 and 
dt, J 2 x and 1.5 Hz, 3'-H), 6.19 and 
d, J 4-H), 6.70 (IH, d, J 8.7 and 2.7 d, 
1 (q, C-18), 21.7 (q, 17-0COCflJ), 26.6 (t, 
II and C-12), 30.9 (t, C-6), 34.6 (t, C-5'), 1 (q,3 
and C-9), 50.5 (d, C-16), 55.0 (d, 1 (q, 3-0CH3), 58.1 
74.3 (d, C-3'), 93.8 (s, 7), 11 (d, C-2), 113.6 (d, C-4), 
d, Ii and 1 10), 138.2 (s, C-5), 
208.5 (s, (Found: 6.8; 5.9 %; M+, 










(171 R,172 S,174S,176S)-3-Methoxy-175 -oxo-171 
estra-l,3,5(10) 38 
mesylate 37 mg, 0.14 was 
potassium hydroxide (M, I cm3) was added. 
then the solution acidified aqueous 
,174-bicyclo-14,17p-hexano-14p-
dry tetrahydrofuran (6 
mixture was stirred at 




acetate the combined organis washed with aqueous sodium hydrogen 
carbonate (x2), dried """ .. '>1""'1"1 to under 
to (62 mg). chroamtaography of the crude on 
gel (9 using ethyl elale-m::XaIle (l: as eluent the product 38 (40 mg, 74 %), 
212-21 (from ethyl acera{e (c 1.1); vmax!cm- I 3020 1715 
(CO); (400 MHz) (lH, ddd, J lOA, 8.1 Hz, 173a-H), 1.02 (3H, s, 13p-Me), 
1.09 (l ddd, J 12.8, 2.6 Hz, 1 J 2 x 13 11.4 and 
liP-H), 1.43 (l td, J2 x llA 2.6 Hz, dddd, J2 x I 
1.61 (l s, 17-0H), 1 (2H, m, 1 - and 174-H), 10 (lH, m, 1 
(lH, J 13A, 2 x 4.0 and 2.6 Hz, 11 td, J 2 x 11.4 and 4.0 
(lH, dddd, J 12.9,5.3 and 2 x 2.6 Hz, 2.88 (2H, m, and 6P-H), 3.07 (lH, d, J 
1 176p-H), 3.50 (lH, J 10.7 and lip-H), 3 (3H, s, 3-0Me), 6.03 and 
6.12 1 d, J 6.0 15- and 1 d, J Hz, 4-H), (l H, d, J 8.8 and 
2.8 7.19 (IH, d,J Hz, I-H); (400 MHz, C6D6) 0.27 (lH, ddd, J lOA, 7.9 
173a-H), 0.68 (3H, s, 13p-Me), 0.84 (lH, ddd, J 13.2, and 2.7 12P-H), 1.11 
(lH,dddd,J2x 1 11.8 and 4.3 llP-H),l (1 td,J2x 11.8 and 2.8 8P-H), 
1.50 (l dddd, J 2 x 1 11.8 and 6.1 7a-H), 1 (1 J 2 x 
13 and4.0 12a-H),1.98(l dddd,J13 2x4.0and (lH,td,J2 
x 11.8 and 4.0 9a-H), 2.57 (l d, J 10.7 176p-H), (2H, m, 6P-H), 
2.98 (l dd, J 10.7 (3H, s, 1 
6.60 (l d, J 2.8 Hz, 4-H), J 8.8 and 2.8 
(400 MHz) (t, 17\ 1 
t, 11 2), 30A (t, C-6), 32.1 (t, 7'), 
55.2 (q, 59.8 67.2 (each s, 13 and 62.6 (d, 92.0 (s, 7), 











and C-16), 138.4 (s, C-5), 157.5 (s, C-3), 212.9 (s, C-17s) (Found: C, 79.5; H, 7.9 %; M+, 376. 
C2sH2S03 requires C, 79.9; H, 7.5 %; M,376). 
Cycloaddition of 3-methoxyestra-l,3,5(lO),14,16-pentaen-17-yl acetate 7 with maleic 
anhydride 
A solution of dienyl acetate 7 (751 mg, 2.32 mmol) and maleic anhydride (337 mg, 3.4 
mmol) in anhydrous toluene (7 cm3) was heated in a sealed tube under nitrogen at 100°C. 
After 16 h, the mixture was allowed to cool and the solvent was evaporated under reduced 
pressure. The solid residue (1.04 g) was recrystallised from acetone to give 17J3-acetoxy-3-
methoxy-14, 17a-ethenoestra-l,3,5(1 0)-triene-15a,16a-dicarboxylic acid anhydride 48 (891 
mg, 91 %), m.p. 230°C; [a]o + 141 ° (c 1.0); vmax/cm- I 1862, 1783 and 1752 (CO); 8 H 
(400MHz) 1.03 (3H, s, 13J3-Me), 1.21-1.34 (2H, m, 12J3- and IIJ3-H), 1.63-1.75 (2H, m, 7a-
and 8J3-H), 2.18 (3H, s, 17-0Ac), 2.28 (1H, m, l1a-H), 2.34 obsc (1H, td, J 2 x 13.1 and 4.9 
Hz, 12a-H), 2.55 (1H, td, J2 x 1l.1 and 3.6 Hz, 9a-H), 2.68 (lH, m, 7J3-H), 2.91 (2H, m, 6a-
and 6J3-H), 3.47 (1H, d, J 8.0 Hz, 15J3-H), 3.78 (3H, s, 3-0Me), 3.98 (1H, d, J 8.0 Hz, 16J3-H), 
6.24 (l H, d, J 6.2 Hz, 172 -H), 6.55 (1 H, d, J 6.2 Hz, 1 i-H), 6.65 (1 H, d, J 2.8 Hz, 4-H), 6.72 
(lH, dd, J 8.7 and 2.8 Hz, 2-H), 7.18 (lH, d, J 8.7 Hz, I-H); 8c (l00 MHz) 15.5 (q, C-18), 
21.6 (q, 17-0COCH3), 24.5 (t, C-7), 27.1 (t, C-l1), 29.9 (t, C-12), 30.3 (t, C-6), 40.3 and 40.5 
(each d, C-8 and C-9), 50.5 (d, C-15), 51.4 (d, C-16), 55.4 (q, 3-0Me), 61.2 (s, C-14), 67.1 (s, 
C-13), 94.3 (s, C-17), 112.3 (d, C-2), 113.8 (d, C-4), 127.5 (d, C-l), 130.6 (d, C-172), 133.9 
(d, C-l i), 131.2 (s, C-I0), 137.9 (s, C-5), 157.9 (s, C-3), 169.6 and 169.7 (each s, C-2' and C-
5'),170.6 (s, 17-0COCH3) (Found: C, 70.7; H, 6.5 %; M+, 422. C2sH2606 requires C, 71.1; H, 
6.2 %; M, 422). 
Reduction of the cydoadduct 48 
a) A solution of cycloadduct 48 (200 mg, 0.47 mmol) in anhydrous tetrahydrofuran (10 cm3) 
was added slowly to a stirred, ice-cold suspension of sodium borohydride (22 mg, 0.6 mmol) 
in anhydrous tetrahydrofuran (3 cm3). The reaction mixture was allowed to warm to room 













organic phase was VVU.:>llWU 
to dryness under ",uU,",,,,u 
83 
mixture was extracted with dichloromethane. The 
with water and 
Flash chromatography the residue (174 mg) 
(20 g) using aCel[are··ne}l:ane (3:7) as 3-methoxy-5'(4'H)-oxo-
IT-e,rne1:lO-L ,3 '-dihydro-l 16p:furo[ 4' ,3': I 6]estra-1 
(106 %), m.p. 191-1 acetate-hexane); 
acetate 49 
(c 1.0); vmax/cm'I 
m, 11 P- and 12P-1884 and 1741 (CO); OH (400MHz) 1.04 (3H, s, 13p-Me), 1.26-1 
H), 1 1.69 (2H, m, 70.- and 12 (3H, s, 17P-OAc), 14 (IH, td, J 2 x 13.8 
4.4 Hz, 9o.-H), 2.88-12o.-H), 2.25 (lH, m, 11 (IH, td, J 2 x 11.2 
m, 60.-, 6P- and 7P-H), 
3.78 (3H, 5, 
d, J 9.2 Hz, 15 
(1 dd, J 1 
3.40 (lH, td, J 2 x 9.2 and 
4.51 (l dd, J 
1 4.4 Hz, 2'o.-H), d, J 6.2 Hz, 172-H), 6.50 d, J 6.2 Hz, Ii 
(1 J2.7 4-H), 6.71 J and 2.7 Hz, d, J 8.6 Hz, 1 
(lOOMHz) 15.0 (q, C-18), 21.3 I7-0COCH3), 24.6 (t, (t, 11),28.7 (t, 
(t, C-6), 40.3 (d, C-8), 40.7 (d, C-9), 46.1 (d, C-16), (d, 15),55.2 (q, 3-0Me), 
14), 64.9 (s, 3), 69.0 (t, C-2'), 95.0 (5, 17), 112.0 (d, C-2), 113.4 (d, C-4), 
),131.6(5, 10),1 (d,C-li),133.4(d, 1 (s,C-5),157.5(s, 
17-0COCH3), 1 
73.5; H, 6.9 
(Found: C, 73 
by 
M+, 408. C2sH2S0S 
17o.-etheno-4' 
6p:furo[4' ,3,5(1O)-trien-l acetate 50 (48 mg, 25 %), 
18°C (from [0.]0 +181° (c 0.9); 1884 and 1762 (CO); 





(IH, dddd, J2 x 1 11.0 and 7.4 Hz, 7o.-H), 16 (3H, 5, 17P-OAc), m, 
(IH, td, J2 x 1 
(2H,m, 
16P-H),3.77 
5'P-H), 6.21 (I 
4-H), 6.74 (lH, 
(q, 18),21.5 (q, 1 
39.4 and 39.9 (each d, 
(s, 14), 6S.6 (s, 1 
(d, C-l), 129.6 (d, 
and 4.2 Hz, 12o.-H), 2.S5 (1 td, J 2 x 11.0 and 3 90.-
(IH, td, J2 x 
3.87 (lH, J 
172-H), 
2.7 Hz, 2-H), 
24.7 (t, C-7), 
and C-9), 42.8 (d, 
69.0 (t, C-S'), 94.5 (s, 
), 134.1 (d, C-I i), 131 
3.9 15P-H),3.60 
Hz, S'n-H), 4.33 (l 
Ii-H), 1 (l 




11), 29.9 (t, C-6), 30.3 (t, 
S1.5 (d, C-16), S5 (q,3-0Me), 
17),11 1 (d, C-2), 11 (d, 











169.8 17-0COCH3), 175.9 C-2') (Found: C, H, 
requires C, H, 6.9 %; M, 408). 
To a solution the cycloadduct 48 (50 mg, 0.12 mmol) in dry tetrahydrofuran 
cm3) at was added (0.26 cm3, 0.26 mmol). reaction mixture was 
stirred for 2h at -78°C and aqueous ammonium chloride solution was added the 
removed. Aqueous sodium hydroxide (5 cm3, 5 %) was added slowly followed by 
hydrogen (5 cm3, 30 %), the mixture for h and then extracted with ethyl 
acetate. combined were washed successively with sodium 
hydrogen carbonate, water and brine, dried (MgS04), evaporated under reduced 
Flash chromatography the (48 mg) on gel g) ethyl acetate-hexane (3:7) 
as eluent 49 (23 mg, 48 %) followed by 50 (9 mg, 19 
c) A solution the 48 mg, 0.22 mmol) in anhydrous tetrahydrofuran (10 
cm3) was added to a suspension LAH (80 1 mmol) in anhydrous tetrahydrofuran (5 
at O°C with mixture was for 5 h under reaction was 
quenched water-triethylamine, continued 30min. The 
was filtered through Celite, washing ethyl acetate-triethylamine (l: 1) 
followed methanol-ethyl acetate :9). The under reduced 
to the residue mg). Flash on silica (15g) using meltnarloi-
chloroform (1: 19) as eluent gave 3-methoxy-15a, 16a-bis(hydroxymethylJ-14, 17a-
ethenoestra-l,3,5(l0)-trien-17~-ol 56 (60 mg, 72 %), m.p. 21 (from methanol-
chloroform); [a]o 1 0.8, pyridine); vmax/cm·1 15 br (OH); (400MHz, CsDsN) 1. 
(3H, s, 13~-Me), 1.31-1.42 m, 12~-H l1~-H), 1.58 obsc (1 qd,J3 x 11 and 5.7 
Hz,7a-H), (2H, m, and I la-H), obsc (1H, J2 x 1 5.0 Hz, 
H), 2.48 (lH, td, J2 x 11.0 and 3.8 Hz, 9a-H), 2.70-2.86 (2H, m, 6a-H 6J3-H), 2.98 (1 
J 10.3, 9.9 and 2.8 15~-H), 3.28 (1 ddd, J 1 10.0 3.8 16~-H), 
(3H,s,3-0Me),3.88(1H,t,J2x9.9 15 4.19(1 t,J 10.0 161-H), (1H, 
dd, J and Hz, lSI_H), (lH, dd, J 10.0 and 3.8 Hz, 161-H), 4.84 (1 
(lH,d,J 1 Hz, 172_H), 17(1 d,J6.1 Hz, 171 6.37 and (eachlH,s,-OH),6.78 
(1 d, J 2.7 Hz, 6.91 (IH, J 8.5 2.7 2-H), 7.29 (l d, J Hz, 1 
(100 MHz) (q, 8), 26.0 (t, 27.5 (2C, t, 11 and 12), 30.1 (t, 40.6 (2C, 











14),60.8 (t, C-16 1), 61.8 (t, C-1SI), 90.2 (s, C-17), 112.0 (d, C-2), 113.2 (d, C-4), 127.4 (d, C-
1),131.9 (d, C-17\ 132.8 (s, C-10), 136.4 (d, C-1i), 137.8 (s, C-S), lS7.7 (s, C-3) (Found: 
C, 74.2; H, 8.1 %; M+, 370. C23H3004 requires C, 74.6; H, 8.2 %; M, 370). 
d) To a stirred solution of the cycloadduct 48 (300 mg, 0.71 mmol) in anhydrous 
tetrahydofuran (10 cm3) at O°C was added sodium bis(2-methoxyethoxy)aIuminium hydride 
(Red-AI) (1.7 cm3, 8.7 mmol) dropwise. The reaction mixture was heated under reflux for 21 
h. The mixture was allowed to cool before adding water-triethylamine (1 :3, 4 cm3) and 
stirring was continued for a further 30 min. The reaction mixture was then filtered through . 
Celite, washing with ethyl acetate-triethylamine (1: 1, SO cm3) followed by methanol-ethyl 
acetate (1 :9, 30 cm\ The filtrate was evaporated to dryness under reduced pressure to give a 
solid residue. Recrystalisation from methanol- chloroform gave the triol 56 (261 mg, 90 %). 
Acetylation of the triol 56 
a) The triol 56 (SO mg, 0.14 mmol) was dissolved in dry pyridine (2 cm\ and acetic 
anhydride (0.1 cm3, 1.1 mmol) was added. The mixture was stirred under nitrogen at room 
temperature for 20 h. Water was added and stirring continued for 30 min. The aqueous phase 
was extracted with ethyl acetate and the combined organic phase washed with aqueous 
sodium bicarbonate, water, brine and then dried (MgS04)' The solvent was evaporated under 
reduced pressure to give the crude product (70 mg). Flash chromatography of the residue on 
silica (10 g) using ethyl acetate-hexane (3:7) as eluent gave 3-methoxy-1So.,16o.-
bis(acetoxymethylJ-14, 17o.-ethenoestra-l,3,S(10)-trien-17p-ol 57 (SI mg, 83 %), m.p. 169-
171°C (from ethyl acetate); [o.]D + 144° (c 1.0); vrnax/cm'l 173S(CO) and 3490 (OH); 8H 
(400MHz) 1.00 (3H, s, 13p-Me), 1.23 (1H, ddd, J 13.0, 4.0 and 2.S Hz, 12P-H), 1.61 (IH, s, -
OH), 1.67 (1H, dddd, J 2 x 11.9, 10.S and 6.0 Hz, 7o.-H), 2.0S and 2.08 (each 3H, s, OAc), 
2.23 (tH, ddd, J 13.6,2 x 4.0 and 2.6 Hz, 11o.-H), 2.48 (1H, td, J2 x 11.4 and 4.0 Hz, 9o.-H), 
2.65 (IH, td, J 2 x 9.0 and 3.0 Hz, ISP-H), 2.70 (IH, m, 16P-H), 2.79-2.89 (2H, m, 60.- and 
6P-H), 3.65 (tH, dd, J 12.0 and 9.0 Hz, 15 1-H), 3.78 (3H, s, 3-0Me), 4.17 (tH, dd J 11.3 and 
7.4 Hz, 16 1-H), 4.27 (lH, dd, J 11.3 and 5.7 Hz, 16'-H), 4.45 (lH, dd, J 12.0 and 3.0 Hz, 15'-
H), 6.03 and 6.08 (each IH, d, J 6.2 Hz, 1 i- and 172-H), 6.62 (tH, d, J 2.8 Hz, 4-H), 6.71 











.0 21.1 (each q, OCOCH3), 25.5 (t, (t, 11), (t, C-12), 30.1 (t, 
40.0 and 40.4 (d, 45.7 and 46.8 (each d, C-15 and 16), 55.2 (q, 3-0Me), 59.2 
61.1 (each s, C-13 C-14),63.9 64.0 (each t, C-15 1 C-16 1), 91.1 17), 
11 1.9 (d, C-2), 113.3 127.2 (s, C-lO), 1 
172), 137.6 157.5 (s, 170.7 and 170.8 s, 
71 H, 7.8 %; M+, C27H3406 requires 71.3; H, 7.5 %; M, 454). 
b) trio I 56 ( 
(0.5 





........... ,"' ..... The mixture was stirred under at room temperature for 20 h. was 
stirring continued 30min. The reaction mixture was with ethyl acetate. 
organic was washed 3M HCI, aqueous sodium bicarbonate, brine and 
then dried (MgS04). was under to give product 
3-methoxy-15a, 16a-bis( acetoxymethyl)-l 17a-ethenoestra-l 1 0)-trien-17~-yl acetate 58 
(170 mg, 85 %), 52°C (from acetate); 1.0); 
1735 and 1653 (CO); (400MHz) 1.01 s, 13~-Me), 1.11 (l ddd, J 13 3.3 
12~-H), 1.31 (1 dddd,J2x 1 1 and 3.3 Hz, 11 1.58(lH,td,J2x 12.0 and 
8~-H), 1 (l 1 6.0 2.04,2.05 2.09 (each 
s, OAc), 2.1 m, 7~-H I la-H), 2.30 ( 120'.-
H), 2.50 (lH, td, J 2 x 12.0 and 3.6 9a-H), 2.57 (lH, J2 x 8.5 and 3.4 1 
(lH,dd, J 
161.H),4.19 
6.06 and 6.47 
(2H, m, and 6~-H), 2.96 (l dt, J 8.5 and 2 x 16~-H), 
1 
(1 
and 8.5 3.78 (3H, s, 4.06 (1H, J 11.5 and 6.6 
dd, J 11.5 161-H), (I dd, J 1 
(each 1 H, d, J 
2.7 Hz, 2-H), 7.18 (l 
(each q, OCOCH3), 
C-9), 1 
3 and C-14), 
113.2 (d, C-4), 1 
137.5 (s, C-5), 1 
%; M+, 496. 
6.61 (lH, d, J 
d, J 8.6 Oc (100 MHz) 1 (q, C-18), 20.9, 
(t, C-7), 27.3 (t, C-ll), 29.1 (t, 12),30.1 (t, C-6), 
J8.6 and 
.0 and 21 
and 40.2 (d, 
45.3 5 and C-16), (q, 3-0Me), 58.1 62.2 (each s, 
and t, C-15 1 94.8 (s, 17), 111.9 (d, C-2), 
(d, C-l), 1 and 132.6 (each 1 and C-172), 1 18 (s, C-I0), 
(s, C-3), 170.0, 170.8 and 170.9 s, -OCOCH3) C,69.9; 












-"" ......... v .... >.& .... 59 
triol (400 mg, 1.1 was III distilled dichloromethane (10 cm3) 
to which was added dry dimethoxypropane (1.3 toluene-p-sulfonic acid (41 0.2 
mmol) and 4A molecular The reaction ... u .. ~. was stirred at room temperature under 
quenched by the solution onto sodium Shand was 
The aqueous 
washed 
was extracted with dichloromethane combined 
Evaporation of the solvent under 
gave a chromatography on g) using 
ethyl acetate-hexane (3:7) as gave the -:. .... ptnn (332 m.p. 183-
1 (from acetone); [a]D +104° (c 1.1); vmaxlcm- ' 
1.14 (1H, ddd, J 13.1, 4.1 and 2.S Hz, 1 
2 x 11 2.8 Hz, 8~-H), 1 (lH, dddd, J2 x 11 
OH),l (tH, J 11 2 x 2.8 
2.22 (1 H, dddd, J 1 2 x 4.3 and 
2.71-2.89 (4H, m, 
lSi_H), 3.71 (lH, dd, J 13 
6~-, 15~- and 1 
9.7 Hz, 161-H), 
J 12.7 and 4.1 3.7 161-H), 3.99 (1 
172-H), 1 (l Hz, 4-H), 6.71 (1 





LSI (1H, td, J 
10.6 and 6.1 Hz, 1.70 (IH, s,-
(1H, td, J2 x 13.1 and 4.3 Hz, 
2.44 (1H, td, J 2 x 11.7 and 4.3 
(1 H, JIll Hz, 
s,3-0Me), (1 dd J 13.2 and 
5.98 and 6.05 
dd, J 8,4 and 2.8 
C(CH3)], 26.2 (t, 
(d, C-8), 40.3 (d, 
J 6.0 Hz, 
7.18 (1H, 
26.9 and 27.0 
49.9 and t, C-ll and C-I 
(each d, C-15 and 
(t,C-15\90.1 (s, 
1 1 (q,3-0Me), 62.1 61.8 (t, 16\ 
17), 101.3 (s, C(CH3)2), 111.7 (d, C-2), 11 127.0 (d, 
1),1 (s,C-lO),l and 135.3 (each d, 172), 137.6 (s, IS7.4 C-3) 
7S.7; 8.3 C, 76.1; H, 8.4 %; 410). 
17~-Acetoxy-3-methoxy-15a,16a-bis(hydroxymethyl)-14,17a-ethenoestra-l ,3,5(10)-
151,161-acetonide 
acetonide 59 (300 0.7 mmol) was dissolved pyridine (S cm3) acetic anhydride 











was stirred at room temperature for 17 then water and continued for 30 min. 
reaction was into ethyl acetate and combined organic washed 
with sodium bicarbonate, water, then (MgS04). The solvent was 
evaporated to dryness to the material mg) which was chromatographed on 
(30 g) ethyl acetate-hexane (1 as eluent to give 17p-acetate 61 mg,91 
%), m.p. 113-116°C (acetone-methanol); 81 0 (c 1.0); vrnaicm-1 1 (CO); oH(400MHz) 
1 (3H,s, 13p-Me), 1.10 (1H,ddd,J12.9,3.8 Hz, 12P-H), 1.36 
1 (tH, td,J2 x 11.5 and Hz, 8P-H), 1.98 (IH, dddd,J 1 
2.07 s, 17-0Ac), 18 (1 2 x 3.7 and Hz, 
and 2 x 3 Hz, 7P-H), 
2.27 (1 td, J 2 x 
12.9 and Hz, 1 J 2 x 11.5 3.7 9a-H), (lH, ddd, J 11.7, 
9.6 and 4.5 15P-H), 2.78-2.90 (2H, m, 6a- and 6P-H), 2.97 (l td, J 2 x 
16P-H), 3.60 (1 dd, J 12.8 11.7 15 1-H), 3.68 (l dd, J 13.3 161-H), 
3.77 s, 3-0Me), (lH, dd, J 13.3 and 16' 4.02 (1 dd, J 12.8 4.5 
15 1-H), IH, J6.3 Hz, 171- and 172-H), 6.60 (lH, J 
6.70 (tH, dd, J 8.5 and 2-H), 7.18 (lH, d, J 8.5 I-H); (lOOMHz) 14.7 (q, 
18),20.1 [q, -C(CH3)2], 21.6 (q, COCH3), (t, C-7), (t, C-ll), [q, 
-C(CH3)2J, 30.0 (t, C-6), 39.8 and 40.1 (each d, and 48.9 d, C-15 and 
16), 55.2 (q, 3-0Me), and 63.3 






1 and t, C-15 1 
C-4), 127.1 (d, 1), 
(s, C-I0), 1 (s, C-3), 
; H, 8.0 
3-Methoxy-14,17a-etheno-tetrahydro-15p,16p-furo[4' ,3': 15,16]estra-l,3,5(10)-trien-17p-
trio I (85 mg, mmol) was dissolved in dry acetone (l0 cm3) to which was 
anhydrous sulfate (50 0.3 mmol) and acid (a crystals). reaction 
under trol;!en for 19 h, after which solid potassium mixture was heated under 
carbonate was added. was continued for a further 60 min, the reaction mixture 
filtered and solvent evaporated chromatography of the 











the tetrahydrofuran derivative 65 mg, %), m.p. 200-204°C (from ethyl ace [ate [a]D 
ddd,J 79° 1.1); 3600br (OH); OH (400MHz) 1.06 (3H, s, 13p-Me), 1.14 (1 
13 .2, 4.3 2.6 12P-H), 1.33 (l dddd, J 2 x 1 11.6 and Hz, 11 1.46 (1 H, 
td,J2x 11.6 and 3.1 8P-H), 1.61-1 m, 7a-Hand 7P-H), 1 (1 -OH), 13 
Hz, 1 (lH, dddd, J 13 2 x 2.6 11 
td, J2 x 11.6 and HZ,9a-H), m, 60.-, 6P- and 15P-H), 3.08 (lH, 
and 16P-H), 3.54 (1 dd, J and Hz, 2'- or 51-H), 3.67 (1 dd, J 
9.4 or 3.69 (1 
or 5'-H), 3.77 s, 3-0Me), 6.03 
dd, J 9.2 and 8.1 Hz, 
6.l4(eachlH, J6.2 
or 5'-H), 3.76 (1 obsc dd, 
li- 172-H), (1 
J 2.7 4-H), 6.71 (1 J 2.7 I-H); (100 
MHz) 14.3 8), 24.6 (t, 2), 30.1 (t, 39.9 and 40.1 
(d, 52.3 54.0 (each d, 15 and (q, 3-0Me), and 64.1 
(each s, 4), 68.0 and (each t, .4 (s, 111.8 (d, C-2), 
113.6 (d, (d, ), 132.0 C-I0), 133.0 135.1 d, 71 and 72), 
C-3) (Found: C, 78.4; H, %; M+, 352. C23H2s03 requires C, 78.4; 
H, 8.0 %; M, 
3-Metboxy-15a,16a-bis(bydroxymetbyl)-14,17a-etbenoestra-I ,3,5(1 O)-trien-17p-yl 
acetate 66 
acetoxy acetonide 61 (215 mg, mmol) was dissolved in iodine/methanol (0.5 %, 
5cm3) and for 3 The excess was by adding thiosulphate solution (0.1 
M, 3 was continued a 30 The mixture was 
extracted chlorofonn the combined Arne"'". phase washed with then 
dried (MgS04). The organic was evaporated to dryness to give the crude material 
(210 mg) which was chromatographed on (20 g) ethyl acetat(~-h€~x (1:1) as 
eluent to give diol 66 (149 mg, %), 
(c 1.0); vmax/cm'! 1736 and 3438br 
(1 ddd, J 13.4, 3.8 l2P-H), 1.56 (1 
(from ethyl acetate-hexane); [a]D 
OH (400MHz) 0.99 (3H, s, 13p-Me), 1 
J 2 x 11.8 2.7 8P-H), 1.65 
(1 m, 7a-H), 1.70 (1 s, -OH), 2.08 (3H, s, 17-0Ac), 2.08-2.19 (2H, m, 11 a-H), 











(1H, td, J 2 x 10.0 and 2.76-2.85 (2H, m, 6a- and 6P-H), 
s, -OH), 3.51 (1 H, dd, J 11.5 and 10.0 
(1 J2x 
3.60 10.0 and 3.1 Hz, 16P-H), 3.44 (1 
(1 H, dd, J 11.3 and 10.0 
16 1-H), 4.05 (lH, dd, J 11.5 
3.74 (3H, s, 3-0Me), 3.81 (1H, dd, J 11.3 
15 1-H), 5.95 and 6.28 (each 1 d, J 1 i-







(q, 8), 21.6 (q, COCH), 25.9 (t, (t, 11), 
d, C-8 and C-9), 49.0 5 
1 (each s, C-13 
11 (s, C-4), 1 
10), 137.5 (s, C-5), 157.4 1 
4 C2sH)20S requires C, 72.8; H, %; M,412). 
3-Methoxy-14,17 a-etheno-tetrahydrofuro[4' ,3' :15,16] estra-1 ,3,5(1 O)-trien-17p-yl acetate 
67 
a) The acetoxy 
toluenesulfonyl 





66 (146 mg, 0.4 mmol) was 
(1 mg, 0.7 mmol) added at DoC. 
by 100 h at room temperature. 
reaction mixture was 
was:hed with 10 % HCI (3x), 
organic phase was I"U<>lnnr<> 
which was chromatographed on silica (18 
starting material 66 (43 mg, 30 %) and the 
acetone); [a]o +135 0 (c 1.0); vmax!cm- I 1734 
s, l7-0Ac),2.50(lH,td,J2x 11.4 
was stirred 
and stirring 
acetate and the 
nyarog(m carbonate, 
crude 
67 (81 mg, 41 %), m.p. 
8H( 400MHz) 1.11 (3H, 
m, 6a- and 6P-H), (1H, ddd, J9.6, 8.6 and 6.3 Hz, 15P-H), 
2.80-2.90 (2H, 
dt, J 9.7 and 2 x 
3.79 (lH, m, 2'-
or 5'-H), 6.12 and 6.37 
6.70 (1 dd, J 8.7 and 
(3H, s, 13p-Me), 1.66 (3H, 
6.7 1 (1 dd, J 8.6 and 6.3 Hz, 5'-H), 3.78 
or 51-H), 3.80 (1 or 5'-H), 3.84 (1 H, dd, J 9.9 
(each 1 J t i- and 172-H), 6.62 (tH, d, J 2.8 
2.8 J 8.7 Hz, I-H); 8H( 400MHz, 











H), 3 (1 dd, J 6.4 S'-H), (3H, s, 3.70 (l t, J 2 x 8.6 Hz, 
4.03 (l dd,J9.7 and 7.1 Hz, 4.18 (1 




2.7 2-H), 7.12 (lH, d, J 8.5 Hz, 1 Sc(lOOMHz) 14.7 (q, 
24.8 (t, 27.2 (t, 1), 29.S 12),30.1 (t, C-6), 39.7 (2C, d, 
(each IS and 16), SS.2 (q, 3-0Me), (s, C-I 
t, C-IS! and C-16 1), (s, C-l 7), 111. 9 (s, 113.6 (s, 
(s, 10),133.3 133.4 (each C-17 1 and 172),137.6 (s, C-S), 1 
17-COCH3) (Found: C, 76.0; H, %; M+, C2sH3004 requires 
394). 
COCH3), 
and C-9), 1 and 
69.3 69.7 





b) Acetic anhydride (0.2 cm3, 1 mmol) and 4-(Dimethylamino)pyridine (S 0.04 mmol) 
were added to a stirred solution of the tetrahydrofuran 65 
The mixture was stirred at room temperature for 18 h, 
continued for 30 The mixture was extracted into 
0.16 mmol) in pyridine (3 
water added and stirring 
acetate and 
organic bicarbonate, water, and 
combined 
dried 
(MgS04)' solvent was evaporated to to give the (60 which 
was chromatographed on gel (10 using ethyl acetate-hexane (1 :S) as eluent to 
the ether 67 (SO mg; %), m.p. 167°C (from acetone). 
3-Methoxy-15a,16a-bis(methanesulfonyloxymethyl)-14,17a-ethenoestra-l,3,5(lO)-trien-
17j3-yl acetate 68 
a) acetoxy diol 66 (80 0.2 was in dry Olcmo,rornetnarle (S cm3) 
triethylamine cm3) was The solution was cooled to and methanesulfonyl 
chloride mg, 0.7 mmol) was added dropwise over a period of S min. was 
continued at -78°C 3 h until the was complete (TLC). The cooling was removed 
water added. The extracted dichloromethane. 
combined organic phase was washed hydrochloric acid (10%), sodium 
hydrogen carbonate solution, brine and dried (MgS04). Evaporation the solvent under 
gave crude (101 mg). Flash chromatography of the on silica (11 











%), m.p. 1 (from ethyl acetate:-ne:XaIle [a]D ° 1.0); 1743 (CO), 
1362 11 (SO); 8H (400MHz) 1.03 
8P-H), 1 1 (1 dddd, J 2 x 11.7, 10.0 
s, 13p-Me), 1 (1 J2 x 11.4 and 
6.3 Hz, 7a-H), 2.12 s, 17-0Ac), 2.50 (IH, 
td, J 2 x 11 aIld 3.4 Hz, 9a-H), (1 td, J 2 x 8.3 and 3.0 
s, -S02CH3), 3.1 0 (1 
15P-H), 2.85-2.92 (2H, 
td, J 2 x 8.3 aIld S.2 Hz, 
1 (1H, dd J 10.3 aIld 
J 10.7 aIld 3.0 Hz, lSi. 





s,3-0Me), J 10.7 aIld 8.3 151 
4.42 (lH, dd, J 10.3 161-H), (1 
1 (each 1 H, d, J 1 i - aIld 172 
2.6 Hz, 7.18 (1 d, J 8.6 Hz, I-H); 
(t, C-ll), 28.7 (t, 
39.7 aIld 40.1 C-8 aIld C-9), 4S.9 aIld 
S8.S aIld 
172), 131.7 (s, 
6.3; S, 11.2 %; M+, 
s, 13 aIld C-14), 67.6 
(d, C-4), 1 (d, 
C-S), IS7.6 (s, 
requires 1 . , 
J Hz,4-H), 1 
(100 lS.0(q, 8), 
30.0 (t, C-6), 37.3 
(each d, C-1S aIld 
68.0 (each t, C-lSI 
1), 130.8 and 132.7 (each d, 
1 (s, -OeOCH3) 
S, 11.3 %; M, 
b) i) triol 56 (250 mg, 0.68 mmol) was dissolved in dichloromethaIle (2 cm3) 
The solution was cooled to -ISoC aIld methaIlesulfonyl chloride (200 
over a period of 10 min. was continued at 
6h reaction was conlple:te The vVVJ.U' ......... """'~ro aIld water a ...... '''''' ..... 
...... "'''V. mixture was then ,,",,1""<>I"1"'''ri dichIoromethaIle . 





(MgS04). Evaporation of the solvent under pressure gave the product 
16a-bis(methanesulfonyloxymethyl)-14, 17 a-ethenoestra-1 ,3,5(1 O)-trien-1 
95 %), m.p. (from ethyl acetate-hexaIle); [a]D +130° (c 0.9); 
3S22br (OH), 1360 II (SO); 8H (400MHz) l.01 S, 13p-Me), 1 (1H, 
ddd, J 12.8, 4.4 aIld 2.6 Hz, 12P-H), 1.37 (IH, qd, J 3 x lIP-H), 2.24 (l J 
x 
2 x 4.2 aIld 2.6 Hz, 1 
aIld 3.0 Hz, ISP-H), 
2.48 (1 H, td, J 2 x 1 
(3H, m, 6a-, 6P-
3.78 (3H, S, 3-0Me), 3.94 (1H,dd, J 10.6 
1 161-H), 4.48 (1 J 10.3 aIld 5.1 1 
9a-H), J2 
3.0S aIld 3.06 (each s, -
ISI.H), 4.30 (lH, dd J 1 











15 1-H), 6.03 and 6.10 1 d, J 6.0 Hz, 171- and 1 -H), 6.62 (l d, J2.8 Hz, 4-H), 
(1 dd, J 8.5 and 2.8 2-H), 19 (tH, d, J 8.5 Hz, I-H); (100 MHz) 14.4 (q, C-18), 
25.5 (t, C-7), 26.9 C-ll),30.1 (t, C-6), 37.3 and 37.6 (each 
39.8 40.3 C-8 and 47.1 (each d, C-15 C-16), 55.2 (q, 3-0Me), 
and 61 (each s, C-13 and 4),68.1 and 68.5 t, 151 and C-16 1), 90.6 C-17), 
112.0 (d, 113.2 (d, 1 (d, 1),131.7 (s, 10),133.0 and 135.7 (each d, Ii 
and 17\ 137.3 C-5), 157.6 C-3) (Found: C, I; 11.8 %; , 526. 
C2sH340gS2 requires 57.1; 6.5; 12.2 %; M, 
ii) To a stirred solution of the dimesylate 69 (135 mg, 0.26 mmol) in dry pyridine (3 cm\ 
was added (0.25 em3, mmol) and 4-( dimethylamino )pyridine (13 mg, 
0.1 mmol). was under at room temperature 15 Water was 
added stirring continued for mm. The reaction mixture was extracted 
dichloromethane. The combined organic phase was washed with HCl (3M), aqueous sodium 
and (MgS04). solvent was evaporated under 
reduced pressure to 
ethyl acetatf;:-ht::XaJle 
1 l)-aceu}xv dimesylate 68 (121 82 %), m.p. 182-183°C (from 
(2 f R)-14-(1 f-Methanesulfonyloxybut-3-en-2-yl)-3-methoxy-14~-estra-1,3,5(10),15-
tetraen-17-one 
(a) 17~-acetoxy 15!, 161-dimesylate 68 (100 0.18 was in freshly 
methanolic potassium hydroxide (M, 1 cm3) was u. .... ,,' ......... distilled methylene chloride 
90 min at 20°C the VG.V'"'UU was complete (TLC). Water was added the 
acidified with aqueous hydrochloric acid (1M), and extracted with dichloromethane. The 
combined phase was washed with aqueous sodium bicarbonate solution, water, brine 
and dried (MgS04). The solvent was evaporated under reduced to give crude 
residue mg). Flash chromatography the crude on (10 ethyl acetate-
nexane (1: I) as gave the product 76 (62 mg, 82 %), m.p 1 51 (from ethyl 
(c 1.0); vmru/cm- I 1705 (CO); OH (400MHz) 1.06 (3H, s, 1 
(IH, dddd, J2 x 1 10.2 and 6.9 11~-H), 1.33 (lH, m, 12~-H), 2.04 (tH, td, 
J 2 x 12.1 and 1.8 8~-H), 2.70-2.77 and 6~-H), 2.99 s, 











(1H, d, J 16.8 Hz, 4'-H), S.37 (1 dd, J9.8 1.S 4'-H), 6.03 (lH, dt, J 1 and 2 x 9.8 
Hz, 3'-H), (1H, J (1 4-H), 6.68 ( dd, J 8.7 
2-H),7.00(1H,d,J8.7Hz:l 7.42(1 JS.9 IS-H); (100 MHz) (q, 
18), 24.8 (t, 27.8 (t, 12), 29.0 (t, C-ll), 30.7 (t, 32.7 (d, C-9), 37.8 (q, -
S02CI-h), 1 (d, 49.1 Cd, 52.6 13), 3-0Me), S7.1 14), 71.0 
1'),112.6 Cd, C-2), 1 Cd, C-4), 121.6 (t, 128.4 (d, C-l), 1 (d, C-l 132.7 (s, 
10), 134.3 C-3'), 1 C-S), 157.3 (s, 163.5 (d, 16),21 17) (Found: 
C,67.0; 7.0; 7.1 %; M+, 430. C24H300SS requires 67.0; H, 7.1; S, M,430). 
b) Similar .... '''''''UH'"' treatment of 1713-hydroxy lSI, 161-dimesylate 69 (100 0.19 rnrnol) 











Crystal Structure Determination 
A single crystal was glued on a glass fibre. intensity data were '"'Vl." .. """' .... at 173 K 
a Nonius Kappa CCD with 1.5 kW grGlpnne monochromated Mo radiation. The strategy 
data collection was evaluated using 
a 
and reduced 
structure was solved and refined 
ellipsoids for all atoms are reasonable. 
Software.60 detector to crystal distance 
omega scans. The data were scaled 
were refined on all 
62 There is no disorder, and the thennal 
atoms were placed in calculated positions 
and included the model during later stages of the refinement. Plots of the molecular 
structure were with ORTEP 63 and PLATON. 64 
ring-contracted 38 crystallised in the monoclinic crystal "'H·T"' ..... In group P 2 I. 
There are two molecules with the formula 
slightly with respect to their torsion angles. 
have been designated 38(A) and 38(B). 
In asymmetric unit which 
molecular structures of 
np,-nPln, are in Table 3.1. Details of the data collection and 












Table 3.1 Crystal data and structure refinement for (17 IR,172S,174S,176S)-3-methoxy-















Ietc::nel;;S to theta = 
Max. min. transmission 
Refinement method 
1 restraints 1 parameters 
Goodness-of-fit on 









a = 8.067(1) A 
b=1 A 















Rl 0.0467, wR2 0.0816 
















Table 3.2 Fractional Atomic Coordinates and Thermal Parameter (A) for 38(A) 
x y z U(eq) 
CIA 7845(3) 3197(2) 8160(2) 31(1) 
C2A 8590(4) 3360(2) 9109(2) 35(1) 
10178(3) 3694(2) 9320(2) 29(1) 
11010(3) 3848(2) 1(2) 28(1) 
C5A 10272(3) 3670(2) 7625(2) ) 
C6A 11277(3) 3865(2) 6868(2) 42(1) 
10522(3) 3537(2) 5875(2) 35(1) 
C8A 861 3684(2) 5649(2) 24(1) 
C9A 1(3) 3211(2) 6345(2) 1) 
Cl 8656(3) 3354(2) 7397(2) 26(1) 
Cll 6169(2) 34(1) 
C12A 4982(3) 3207(2) 5111 I) 
CI 5794(3) 3695(2) 4416(2) 1) 
Cl 4608(2) 22(1) 
C1 7742(3) 271 4230(2) ) 
C16A 6432(3) 2631(2) 3504(2) 1) 
Cl 14(3) 3395(2) 3361(2) 24(1) 
C18A 5284(3) 4544(2) 34(1) 
C171A 6682(3) 3963(2) 2935(2) ) 
C172A 7342(3) 3763(2) 2019(2) 30(1) 
C173A 8298(3) 3033(2) 1938(2) 34(1) 
Cl 9262(3) 31(1) 
C175A 9765(3) 3854(2) 3329(2) ) 
176A 4042(2) 3775(2) 23(1) 
C31 1 4280(2) 1 12(2) 37(1) 
01A 10828(2) 3840(1 ) 10283(1) 1) 
02A 11238(2) 3833(2) _ 3775(1) 42(1) 











Table 3.3 Fractional Atomic Coordinates and Thermal Parameter (A) for 38(B) 
x y z U(eq) 
C1B 12232(4) 1195(2) 6220(2) 30(1) 
C2B 11380(3) 1129(2) 5267(2) 29(1) 
C3B 9669(3) 966(2) 5074(2) 25(1) 
C4B 8808(3) 928(2) , 5819(2) 27(1) 
C5B 9652(3) 1011(2) 6775(2) 24(1) 
C6B 8624(3) 1017(2) 7552(2) 30(1) 
C7B 9635(3) 892(2) 8557(2) 29(1) 
C8B 11297(3) 1334(2) 8762(2) 23(1) 
C9B 12378(3) 1066(2) 8037(2) 26(1) 
CI0B 11415(3) 1115(2) 6995(2) 24(1) 
CllB 14119(3) 1455(2) 8220(2) 35(1) 
Cl2B 15118(3) 1311(2) 9250(2) 32(1) 
C13B 14104(3) 1585(2) 9999(2) 24(1) 
C14B 12294(3) 1211(2) 9786(2) 21(1) 
C15B 12754(3) 381 (2) 10087(2) 26(1) 
C16B 14094(3) 385(2) 10804(2) 27(1) 
C17B 14582(3) 1219(2) 11028(2) 25(1) 
C18B 14161(3) 2475(2) 10011(2) 34(1) 
C171B 13201 (3) 1598(2) 11504(2) 25(1) 
C172B 12706(3) 1265(2) 12404(2) 31(1) 
C173B 12142(3) 449(2) 12451(2) 39(1) 
C174B 10823(3) 1070(2) 12161(2) 34(1) 
C175B 10246(3) 1174(2) 11115(2) 29(1) 
C176B 11608(3) 1562(2) 10670(2) 24(1) 
C31B 7173(4) 654(2) 3899(2) 39(1) 
01B 8924(2) 874(1) 4116(1) 34(1) 
02B 8797(2) 1039(2) 10669(2) 42(1) 
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22 27 28 29 
OAc OAe OAe /,JAC 
~o ~J:b0 ~o jI j jI. ,j' \: \: \: .i 
H H H 
0 0 0 
127.0 126.4 127.2 .127.2 
C2 111.9 111.6 112.0 111.9 
C3 157.6 157.6 157.6 157.5 
C4 113.4 113.4 \13.7 113.4 
C5 137.9 137.9 138.2 138.0 
C6 30.1 30.1 31.3 30.4 
C7 24.3 24.7 26.0 24.8 
CS 40.0 40.3t 37.5 40.3t 
C9 40.9 40.7t 3S.4 40.4t 
CIO 131.8 132.7 132.0 132.1 
Cll 26.7 26.8 27.2 27.3 
C12 28.6 27.2 30.6 28.7 
C13 60.7t 50.6t 59.7t 63.6 
I C14 62.9t 51.6t 62.6t 58.7 
! CIS 56.2+ 53.0+ 53.2 56.2 
C16 56.5+ 55.3+ 48.9 51.2 
Cl7 95.6 91.4 95.9 94.4 
CIS 16.0 15.3 15.0 15.6 
C17 1 131.6t 22.2t 135.2t 129.3 
C17' 134.9t 24.7t \36.lt 132.9 
3-0Me 55.2 55.2 55.2 55.2 
C-4' 38.1t 38.1 t 38.6t 30.8 
C-S' 39.6t 39.8t 38.7t 36.7 
C-3' 206.S:I: 210.6 207.9+ IOS.7 
C-6' 210.9+ 208.1 208.4+ 211.8 
OAc(CH3) 21.6 21.8 21.7 21.8 












LOCANT BC (ppm) 




~:t:b~ ~~OH 1. ' 1. ' 
\: H \: H 
, , 
AcO 0 HO 
Cl 127.3 127.5 127.2 127.3 
C2 112.0 112.0 112.1 111.9 
C3 157.5 157.4 158.1 157.5 
C4 113.4 113.4 113.9 113.4 
137.5 138.0 138.8 138.1 
I I 
30.5 30.8 30.6 30.5 
C7 25.2 26.4 25.9 26.5 
C8 40.4t 40.2t 41.2 40.6t 
C9 40.6t 40.3t 41.2 40.7t 
CIO 132.2 132.2 130.7 132.2 
Cll 27.4 27.9 27.4 27.3 
Cl2 29.0 28.1 27.8 29.2 
Cl3 63.1 62.2 59.4t 60.2t 
C14 58.5 57.5 62.4t 62.7t 
46.7 55.1 50.6 51.3i 
I 
45.0 50.1 51.0 56.8i 
I 
95.0 93.8 91.0 91.0 
CIS 15.8 15.4 14.0 15.0 
L., 130.1t 130.7t 130.7t 133.3t 
cn' 130.4t 131.6t 134.0t 135.2+ 
3-0Me 55.2 55.2 55.2 55.2 
C-4' 23.lt 26.0 27.9t 25.2 
C-5' 24.8t 34.9 28.6t 35.9 
C-3' 67.3i 67.1 64.3 67.0 
I 
68.8t 209.4 67.0 212.9 
~ 21.5 21.6 & 21.7 21.3 & 21.5 - -










LOCANT oC(ppm) LOCANT SC (ppm) 
37 38 
OAe OH 
~±kJOM' ~~ .1 . j ., \ H \ / H 
0 0 
Cl 127.7 Cl 127.1 
C2 112.2 C2 111.8 
C3 157.6 C3 157.5 
C 113.6 C4 113.5 
C5 138.2 C5 138.4 
i C6 30.9 C6 30.4 
C7 26.6 C7 25.0 
C8 40At C8 40.0 
C9 40.5t C9 40.5 
CIO 132.2 CIO 132.2 
Cll 28.2t Cll 26.8 
Cll 28.4t Cl2 26.9 
C13 58.It C13 67.2 
C14 62.6t C14 59.8 
CIS 55.0 CIS I33.0t 





C171 130.8t C171 47.0 
Cl7z 132.0t Cl72 19.7 
3-0Me 55.4 Cl73 9.2 
27.6 C17" 32.1 
C-S' 34.6 cns 212.9 
C-3' 74.3 176 62.6 
b C-6' 208.5 55.2 
OAc (CH.}) I 21.7 










LOCANT liC (ppm) 
48 49 50 56 
OAe OAe OAe OH 
~o ~ ~o ~ 0" II ti II .<, ... / \: H 0 \: H 0 \: H 0 ~OH 
0 0 
CI 127.2 127.2 127.3 127.4 
{ 112.1 112.0 112.1 112.0 
157.7 157.5 157.6 157.7 
C4 1I3.6 113.4 113.7 113.2 
CS 137.7 138.2 137.0 137.8 
C6 30.3 30.3 30.3 30.1 
C7 24.5 24.6 24.7 26.0 
C8 40.3t 40.3 39.4t 40.6 
C9 40.5t 40.7 39.9t 40.6 
CIO 130.9 131.6 131.2 132.8 
Cll 27.1 26.9 27.2 27.5 
29.9 28.7 29.9 27.5 
"- .... 67.1 64.9 65.6 60.9 
C14 61.2 59.1 58.7 59.0 
CIS 50.5 52.8 42.8 50.9t 
C16 51.4 46.2 51.5 51.0t 
C17 94.3 95.0 94.5 90.2 
CIS 15.5 15.0 14.9 14.5 
CIS' 169.4t 176.8 69.0 61.8 
Cl61 169.7t 69.0 175.9 60.8 
C17 1 133.9 133.0 134.1 136.4 
130.6 133.4 129.6 131.9 
I 
55.4 55.2 55.2 54.8 
21.6 21.3 21.5 . 










LOCANT OC (ppm) 
57 58 59 61 
OH OAc l:ij"_,o OAc lji CAo lji GAo lji __ , j: _._/ .f ._./ 
\ .. \ \ \ ... {- \ . \ ~ '~OAc ~OAc '0 '0 
Cl 127.2 127.2 127.0 127.1 
C2 111.9 111.9 Ill. 7 111.8 
C3 157.5 157.5 157.4 157.4 
C4 I 113.3 113.2 113.2 113.2 
C5 137.6 137.5 137.6 137.6 
C6 30.1 30.1 30.0 30.0 
C7 25.5 25.2 26.2 26.2 
C8 40.0t 39.9 39.9 39.8t 
C9 I 40At 40.2t 40.3 40.1t 
CIO 132.2 132.1 132A 132.3 
Cll 27.2 27.3 26.9 27.2 
cn 27.3 29.1 27.0 29.1 
C13 61.1 62.2 62.1 63.3 
Cl4 59.2 58.1 58.7 57.5 
CIS 46.8 45.1 t 49.9t 48.8t 
CI6 45.7 45.3t 48.9t 48.9t 
I CI7 91.1 94.8 90.1 94.0 
CIS 14.5 15.0 14.2 14.7 
CIS l 63.9t 62.7t 64.2 62.1t 
C161 64.0t 63.7t 61.8 64.3t 
C17 1 132.8:1: 130.2:1: 132.4 130.3:1: 
I C17' 136.0:1: 132.6:1: 135.3 132.4:1: 
3-0Me 55.2 55.2 55.1 55.2 
OAc(CH,3) 21.0&21.1 21.0,21.1 & 21.6 - 21.6 
OAc(C=O) 170.7 & 170.8 170.0, 170.7 & - 170.4 
~ 
170.8 
- - 20.2 & 29.3 20.1 & 29.5 











65 66 67 68 
OH OAc OAc OAc 




Cl 127.2 127.2 127.2 127.2 
111.8 111.9 111.9 112.1 
C3 157.4 157.4 157.5 157.6 
C4 113.6 113.2 113.7 113.3 
CS 137.5 137.5 137.6 137.3 
C6 30.1 30.1 30.1 30.0 
! 24.6 25.9 24.8 25.4 
C8 39.9t 40.lt 39.7 39.7t 
C9 40.lt 40.2t 39.7 40.lt 
CIO 132.0 132.3 132.0 131.7 
Cll 27.1 27.4 27.2 27.3 
C12 27.8 28.6 29.5 28.7 
C13 64.1 62.1 66.1 62.6 
C14 59.0 57.9 56.9 58.5 
CIS 52.3t 49.0t 53.lt 45.9t 
54.0t 49.3t 53.7t 46.4t 
CI7 91.4 94.6 94.7 94.3 
C18 14.3 14.8 14.7 15.0 
CIS1 68.0t 60.5t 69.3t 67.6t 
C161 69.7t 62.3t 69.7t 68.0t 
....... I 133.0t 130.4t 133.4t 130.8t 
C17' 135.lt 13L6t 133.5t 132.7t 
3-0Me 55.2 55.2 55.2 55.2 
OAc{CH3) - 21.6 21.4 21.6 
OAc(C=O) - 170.6 171.0 170.2 










LOCANT OC (ppm) 
69 76 
OH 
I'+~ In OM, j ... ./ 
vr--1 \ " '~OMs 
OMs I 
Cl 127.1 128.4 
C2 112.0 112.6 
C3 157.6 157.3 
C4 113.2 112.8 
CS 137.3 136.8 
C6 30.1 30.7 
C7 25.5 29.0 
C8 39.8 32.7t 
C9 40.3 42.lt 
CIO 131.7 132.7 
Cll 27.1 24.8 
cn 26.9 27.8 
Cl3 61.4 52.6 
CI4 59.7 57.1 
CIS 46.9t 132.3 
CI6 47.1t 163.5 
C17 90.6 212.2 
CIS 14.4 24.3 
CIS l 68.1t C-I' 71.0 
CI6 i 68.5t C-2' 49.1 
Ct71 133.0t C-3' 134.3 
C171 135.7t C-4' 121.6 
3-0Me 55.2 55.2 
SOzCHJ 37.3 & 37.6 37.8 
